
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 



at |http : //books . google . com/ 



■•I 



HU 2K07 J 





^4tyrt*M 



r 



^ '*'' 




<,^ 



<V^^ 






'jia>k 




-■.#v f 










ELEMENTS 



O F 



MINERALOGY. 



B Y 



RICHARD KIRWAN, Efq;F.R.S. 




LONDON: 

FriQted for F. Elmsly, in the Strand, 
M.DCC.LXXXIV. 



ifiL 



^^ 1/6^^ 




PREFACE. 



^ 1T7HEN we confider the degree of excel - 
^^ lence which many of the pradicalarts 
biified in the treatment of Minerals have 
reached in England^ and alfo that in the 
merely fpeculative fciences, we are at leaft on 
a level with our neighbours on the continent, 
it cannot but be matter of furprize that, with 
refpeift to Mineralogy, the parent of thefe 
arts, they fliould ftand confeffedly fuperior to 
116. That this inferiority on ovir fide does 
not originate in any want of ingenuity in 
our artifts evidently appears by the mafterly 
produ&ions of a Parker and a W^dgetvood. 
The true caufe lies deeper. Mineralogy is 
an art, whofe cultivation and improvement 
requires both fpeculation and pradice: the 
mere theorift will never defcend into the la- 
borious details of the praftical part, witlrout 
due encouragement or a degree of en- 
thufiafm, in a country devoted, to politics 
rarely\to be met with, and the pradlieal ar- 
tift felcjom pofleffes thofe general principles of 
fcience and extenfive acquaintance with the 
difcoveries of his cotemporaries that are in- 
difpenfably requifite to cftablifh him on a 
footing of equality with them* On the con- 
tinent Mineralogy is on a very different foot- 
ing. In Sweden and Germany it is confidered 
as a branch of fcience worthy of the atten- 

A 2 tion 
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tion of government. There are colleges In 
which it is regularly t£iught; it forms a 
diftind and honourable profeflion, like that of 
the foldier , the merchant, or the barrifter ; 
its fuperlor officers form a part of the admi- 
niftration of the* ftate. Young ftudents, 
fraught with the knowledge to be acquired in 
thetr own country, are fent abroad to glean 
iill that can be colle£ted from a more diverfi-% 
fied view of nature, or a more improved 
pra£tic6 of the arts. This CKample has beerj 
lately followed by the French^ the Ruffians^ 
Und even the Spaniards. 

The French have ereded a Mineralogical 
School at Paris, to which a confiderable 
penfion is annexed. Subterraneous maps of 
the whole kingdom are now a tracing, an4 
mineralogical voyages are from time to time 
undertaken at the public expence *. Chy- 
miftry, the Parent of Mineralogy, is culti- 
vated by the moft enlightened nations in Eut 
ropey and particularly in France, with a de* 
gree pf ardour that approaches to enthufiafm i 
it forms the favourite occupation, and even 
the moft falhionable objedt of attention not 
only of the middling, but even of fprne i^ 
the hijgheft r^nks of fociety f* 

In 

* As that of Mr. JarSy fee. 
f Among thcfe we may reckon in Ruffia prince GalUtzeut 
^ G&rmany count Sicken^en ; m Italy the counts de Saluces 
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In England^ on the contrary, (a country 
far richer than France in mineral produc-^ 
tions) it receives no encouragement from the 
jpublic, and few apply to it except gentle* 
men in the Medical Line, whofe tranfient at- 
tention is foon drverted by their more direct 
bccupations. The confequences are obvious. 
The groffeft blunders are daily committed ia 
Working our mines and extracting our ores; 
infomuch, that learned foreigners have re- 
marked that were it npt for their fuperior ex- 
cellence! and the cheapnefs of fuel, their ex- 
traction would infallibly be attended with 
lofsf, and many ufeful fubftances are daily 
rejected as ufelefs. 

Senfible of our inferiority in this refpeft^ 
and well acquainted with the caufe of it, the 
zealous and learned DoCtor Shaiv, and our 
late eminent Chymift Dr. Lewis ^ have la- 
boured to promote and facilitate the ftudy of 
Chymiftry among us, and for this purpofe 
transfered into our own language the mod 
confiderable improvements made in their time 

de Morozzo^ and the marquis de Gtreni^ governor of leghorn ; 
^n Geneva Mr, de Sauffitrei ip FrAnce the diikc3 deCSanbits^ 
Rocbafoucault^ and D^Ayen ; the counts de Lmragauy Ia 
Garayy Milly^ JreJJan^ and de la Tovr ,d*Auvergne ; the mar- 
quiffes ae Courtenvaux and de Coifrtimron i the barons d^f.U 
hach and de Servieres ; madame la Frejidente d'ArcwvtUe \ 
meffieurs Trudaine^ La*voifiery Montizny^ and above all, Ml*. 
deMorveau^ one of the firft chynaiSs of the age# 
. f ipVrAfr, Riife Derhyjhire. 
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by foreigners. At a ftill la^er period Mr/ 
Keir has poured upon us many valuable 
treafures in his excellent notes on Mr# Ma^ 
qucr\ Chymicai Dictionary, a work gene- 
rally known, and equally eft^emed ; yet fince 
this work appeared, (the laft of any note 
among us) fuch rapid advances have been 
made in the mineralogical art in particular^ 
that it has put on quite a new face. Several 
new femi metals have been difcovered, the 
number of primitive earths afcertained, many 
analyfes accomplifhed heretofore attempted in 
vain, and the art itfelf of Mineral Analyfis 
brought to a degree of certainty and precifion 
of which it was fcarcely thought capable. 
Actuated ty the fame views as the patriotic 
gentlemen juft mentioned, I have endea- 
voured ta coUeft in the enfuing treatife all 
that has been hitherto done in this fcience, 
with fome few improvements of my own, 
modelled and digefted in the method that 
Teemed to me nioft ufeful. 

. The point which I principally laboured 
was not to prefent the reader with a minute 
detail of the various external appearances of 
minerals in various countries, nor of their 
-fituation, vicinity, or mixture with each 
other, circumftances ever contingent and for- 
tuitous, .nxucjj lefs to entejrtain him with 
prolix and plaufible. accounts of their origin, 

enquiries 
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eaquiires which appear to me to belong to an« 
other branch of the fcience of folfils, viz^ 
Natural Hifiory^ but rather to determine the 
(iharaders \tf Which fofllls are invariably and 
permanently diflinguilhed from each other ia 
all times and places. In a word, rather to 
define the fpecies than de&ribe the indivi-' 
dual; even among thefe permanent charac* 
ters I have, foi* the fake of brevity, omitted 
alU except the m6ft obvious, a com pleat do- 
tail of them being in my opinion fitter for a 
treatifc of Chymiftry than of Mineralogy* 
The merit of this latter feeming to me to 
confift in prefenting fuch criteria as may 
enable us to diftinguifh Minerals in the 
ihoi^tefli eafieft, and fureft manner i fo that 
we may always apply th^ fame names to the 
fame lubftances> and being confident of 
fpeaking the fame language, may always un- 
derftaiid each other* What confufion hath 
heretofore arifen from the ambiguity of 
names is well known, and will, I fear, render 
many very interefting refearchcs, even of mo- 
dern date, intirely ufelefs.^ Atnong thefe I 
Ihall only mention thofe' of the celebrated 
Canon RecuperOy who for mahy years, and 
with immenfe pains, has ftudied and de- 
fcribed the Minerals in the neighbourhood of 
Mount JEtna^ but committed fuch miftakes 
in their denomination as will, according to 
the remark of that excellent Mineralogift 
A 4 Mn 
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Mn SduffiirCf render his work, if ever it ap« 
pears, abfolutely uniotelKgible *. 

Whether the characters of Minerals (hould 
be taken from external appearances only, on 
from their internal properties, as difcovered 
by chymical agents, has long been contro- 
verted among Mtneralogifts ; though, in- 
deed, at prefent the controverfy feems almoflr 
« an end from the univerfal approbation with 
which the fyftem of the celebrated Cronfted^ 
founded almofl entirely on chymical charac- 
ters as far as they were known in his time, 
has been received by all Europe. However^ 
forae able patrons of the former opinion 
have appeared of late, among whom I fhall 
mention only Mr. Werner and Mr. Rome de . 
Lijle. 

• Mr. Werner is the author of an excellent 
treatife written in the German language on 
the external characters of fbflils* Mr, Rome 
has lately publifhed a voluminous treatife on 
the external forms of cryftals, under which 
title he comprehends all thofe foflils that are 
fufceptiblc of a regular figure, all of which 
^he pretends may be diftinguiftied by the 
angles which their planes make with each 
other, if feme heterogeneous matter be not 
contained in them ; but fuppofing all this to 

be 
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be true, what a vaft variety of figwes arer 
not thefe cryftals fubjeft jo from a variety o£ 
accidents? How many indeterminate and 
confufed cryftallizations reducible to no cer-^ 
tain figure ? By how many external accidents 
may not thefe figures, though originally per- 
fect, be altered and modified ? What Aall 
we fay of his macks or agglutinated cryf- 
tals ? of the conic, fpheroidal, cilyndrical 
ihapes in which no angle can be difcovered ? 
and of the various amorphous appearances of 
moft Minerals ? 

Mr. Werner has endeavoured to claflify 
Minerals by the joint confideration of all 
their external properties, and yet, that even 
this re-union is infujfficient to determine their 
nature, he himfelf gives us a clear proof in 
his notes on Cronfled^ p. 217. There, on the 
faith of thefe chara8:er8> he ranges among 
micas a green foliated fubftance, which, be- 
ing fent to Mr. Bergman, proved to be a com- 
pound of marine fait of copper and argilla- 
ceous earth, though the quantity fent him 
amounted but to one grain ; fo much furer 
are chymical tefts ! Every fcience muft be 
founded on perisaanent principles. The only 
principles of this fort that Mineralogy affords 
are the relations of the bodies it confiders 
with chymical agents. Without referring to 
thefe, it can be reckoned at moft only a con- 

jedural 
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jedtural art. This will plainly appear by ex-* 
amining' each of the external charadlers in 
particular } namely, colour, tranfparency, or 
opacity^ coherence, texture, ihape^ and fpe--^ 
cific gravity. 

And firft as to colour^ Mr. Werner ownea 
that white quartz, white lead ore, and white 
calcareous iron ore, have exaftly the fame 
Jhonv nvhite colour. Some fpecies of the ores 
of iron, manganefe, cobalt, and copper, the 
lame iron grey colour, wolfram and blende 
the fame bronvnt/h blacky &c. in fhort it is 
wetl known, thit the flighteft change in the 
texture of bodies, frequently produces a con- 
fiderable alteration in colour i thus a lump 
of cinnabar, whofe colour is dark red^ becomes 
of a beautiful florid red^ by limply reducing 
it to a powder i befides it is difficult, if not 
impoffible, to render the various Ihades of 
colour intelligible by any defcriptioh. 

Tranfparency and Opacity are qualities com- 
mon to a vaft variety of fubftances, difFerent 
in all other refpefts. They are fufceptible of 
numerous undifcribable degrees, and difcover 
at moft the mode of union, not the fubftan- 
ces united. 

Coherence and hardnefs are properties equally 
ambiguous : with refpeft to earths and pow- 
dered 
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dered ftones^ their confideratlon is of no life,, 
ftriking fire with fteel, has often been given 
as a teftof pure filiceous earths, but it is now 
known, that well baked clay, to fay nothing^ 
of other compound fubftances, will exhibit' 
the fame appearance. 

Texture^ all its varieties as granular, Ia« 
mellar, fibrous, fcaly, equable, &c. are com- 
mon to fubftances, widely different ; thus the 
fibrous is found in fome varieties of gypfum, 
in afbeftos, flioerl, pumice, pyrites, antimony^ 
haematites, malachite, cobalt, and arfenical 
ores, the fcaly in lead and iron ores, mica^ 
limeftones, gypfum, the lamellar, granular, 
and equable, are ftill of wider extent. 

Shapey the varieties of this evqn when re- 
gular and determinate, are endlefs, as may be 
feen in Mr. De Lijle^s Treatife, and muft be 
fo, as they depend of various external acci- 
dents, thus he finds 32 varieties in the fliapc 
of calcareous fpar, 14 in that qf gypfum, 9 in 
that of fluor, 1 6 in that of quartz, befides its 
vwnjirous forms, equally regular as the reft, 
19 in that of felt fpar, &c. and not only the 
famefpecific fubftance is fiifceptible of various 
Ihapes, but various fubftances fpecifically dif- 
ferent, aflume the fame fhape. Thus the 
native calx of arfenic, blende, cinnabar, and 
grey copper ore, often appear in a tetrahsedral 

form ; 



X P R fi F A C £. 

forni 5 common fait, fluor, zeolyte^ ga(eriafy 
in a cubic, &c. if the nature .of any fubftance 
could be determined by its form, it would 
undoubtedly be that of falts, yet there i$ 
fcarce any of thefe which in difFer^At circifm- 
fiances, may not affume a difFerettt figure ; 
Mr. J^ott affures us, that microcofmic fait 
afliimes the figure of almoft all other falts, 
nitre, vitriol, falammoniac, allum, glauber's 
falts, &c. 4 Pottj 49. According to M^-^ 
quer^ if fublimate corrofive be cryftalized, by 
cooling it forms needles, but if by mere evar 
poration, pubes or lozenges. Mem. Par. 1 755, 
p. 540. Digeftive fait will form cubes if it 
be exaftly neutral, but if the alkali predo- 
minates quadrangular prifms, common fait 
is generally looked upon as the moft con- 
ftaat in its figure, yet Mr. Cadet has found 
it cryftalized in needles, 9 Metn. Scav. Etrang. 
p. ^^^. and Gerhard^ 4 Berlin^ Scbrift. 292. 
Very many, if not moft of the miftakes to 
be found in chymical writers on falts, arofe 
from their having denominated them from 
their figure. 

Laftly, Specific Gravity^ which is certainly 
one of the beft external tefts, frequently va- 
ries, by reafon either of the different texture 
of the fame fpecies of mineral, into whofe 
interftices water cannot equally penetrate, pr 
by reafon of the greater proportion of fome 

or 
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M Other of the conftituent parts, as ia partU 
cularly obfervable in zeolytes, which differ 
jcxceedingly in the proportion of water which 
enters into them as one of their conftituent 
principles: alfo in the fparry or calcareous 
iron ore, whofe proportion of calcareous 
earth ifi fubje<3: to great variation ; befides all 
this, various fubftances fpecifically different^ 
poffefs very nearly the fame fpecific gravity* 

Neverthelefs I am far from aflerting, that 
the confideratioa of mere external properties 
is intirely ufelefs ; on the contrary, I am per-* 
fuaded that from the copfideration of thefe 
alone, a very probable conje£l:urc may be 
drawn in moft cafes concerning the nature of 
foflils, whofe fpecific properties are already 
known by analyfis, but this conjeilure muft 
be formed by an experienced eye : for it is 
not poflible by any defcription, to convey an 
adequate idea of thofe minute differences, or 
as I may fay, the phjffiognomics of foflils, by 
which alone they are diftinguiihable. On this 
account I have been very fuccinft in this par- 
ticular, rather hoping to help, than expediing 
to form the coup d*wiL Thofe who love to 
^mufe themfelves with a detailed defcription 
of thefe external forms, may confult with ad- 
vantage Mr. Rom^ de Lifle^s improved edition 
pf his Cryjiallographie *, though daily expe- 

* Or the improved edition of Crvnflcd^ which Mr. MageU 
J^fi Drofpifes foou to publiih, 

«encc 
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rience evinces, that nature is ftill more varied 
than his defcriptions.* But where any netv 
fubftance occurs, or an intire certainty re- 
quired, fuchas conflitutes the foundation ^of a 
Jciencey there chymical tefts are abfolutely re- 
quifite, and alone fufficient. Thus negle^ing 
thefe, Mr. Rome de Lifle took that to be a 
^eolyte w^hich Mr. Pelletier afterwards found 
to be an ore of zinc. 2 Cryjiallogr^ p, 46, 
20 Roz. 424. 

Mineralogy muil therefore, on the whole, 
be confidered as a branch of Chymiftry, and 
its progrefs, like that of other branches of 
that fcience, has been for many ages fcarce 
fenfible. In the earlieft times, of which we 
have any account in hiftory, mankind feem 
to have been of the fame turn of thinking as 
the lefs enlightened and civilized nations of 
our own age. Satisfied with fuch informa- 
tion as cafual experience threw in their way, 
they regarded the occupation of confulting na- 
ture by experiment as a childifh, trifling and 
ufelefs amufement, and negleded forming 
any theory whatfoever concerning its opera- 
tions; but in fucceeding times the gene- 
ralizing fpirit of Ariftotelic Metaphyfics ex- 
tending itfelf to Natural Philofophy, foon 
fuggefled the notion of one common matter 

^ See i&^. journal for March, 1784, p«ao6, ^0/9 and aix« 
, being 
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being i\itfubjiratum of all vegetable* animal 
cind mineral fubftancesi difcriminated only by 
particular forms» which in the two former 
were held to be fubftantial^ and in the latter 
purely accidental. From this ungrounded 
opinion (to which however fiune of the 
greateft men in .the laft century were much 
attached) that of the tranfmutability of me- 
tals into each other naturally arpfe ; and to 
this notion* and fome other equally falfe, the 
progrefsof Mineralogy, and every branch of 
Chymiftry, is undoubtedly owing. To ac^ 
complifh their favourite purpofe experiments 
were multiplied without end, and by means 
of thefe the arts of dying, pottery, glafs* 
making and metallurgy were infenfibly im- 
proved. 

The two laft named arts neceflfarily re- 
quired fome knowledge of the chymical pro*- 
perries of ftones and earths. Accordingly 
we find that all thofe that were ufeful in the 
former were called vitrifiablcy tbofe that were 
capable of burning to lime calcareous^ and 
thofe on which fire could produce neither cf- 
fcft, apyrous. ^ For a long . time thefe three 
divifions were thought to comprehend all 
fpecies of earths and ftones. The fame nar- 
row fpirit of referring every thing to what is 
already knowp, induced Mineralogifts to clafs 
gU metallic fubftances tindeir fome of the fpe- 
cies 
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cies antiently known, denominating all thofc 
which difcovercd any fingular properties 
nxnldf rapacious and arfenical compounds. 
Hence the pppofition which the introduftion 
of the new femi-metals, cobalt, nickel, and 
manganefe ftill meets with apiong Mine- 
ralogifts of the antient jftamp. 

However at laft, happily for fcience a few 
^iftinguilhed chara£ters appeared, who, re- 
jeding all hypothetical delufions, determined, 
not only to fubmit to no other guide but 
aftual experiment, and its neceffary confer 
quences, but alfo to follow it wherever it led 
them. Of this truly philofophic band, Mr. 
Margraafoi Berlin \^Athtv?iXii followed by 
a few others, particularly in Sweden. Dif- 
coveries now multiplied apace in -the hands of 
a Brandt^ Snvab^ Gronfted^ Gahn^ and particu-' 
lw*Iy Mr, Scheele^ \mtil at laft Mr. Bergman oi 
Upfal^ by the folidity of his judgment, the 
ingenuity and accuracy of his methods, and 
the multiplicity of his experiments, brought 
Mineralogy to that degree of perfe^ion at 
which We at prefent behold it. 
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118. 6. for par^llelipedal, read parallelopipedal. 
1 20. 18. for parallelipeds, read paralielopipeds. 
147. 4. for rnelian, read carnelian. 
1^3. 14. for Metallic ftone, read Metallic rock 
200, 9^yj;rfelentin«^ r^tf^felenite. 
384, 20. fotr 1000, read loooo. 

Additions. 

114. 3. Mr. GreviUe pofleffes an agate, fpeckled with 
yellow pyrites, which is called an Avanturine* 

139. 17. Mr. Dohmieu has lately difcovered at StromboU^ 
another fort of pumice, which feems to be a 
ferruginous granite altered \>y fire. 
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MINERALOGY. 



MiN ERALS in their ftrifteft fignification 
denote only fuch fabftances as are found in 
mines, fuch as Metals, Semi-metals, Sulphur 
and Salts; but in a more extenfive fenfe, 
they denote all foflils^ that do not belong 
either to the vegetable or animal kingdoms^ 
land confequently Stones and Earths, all of 
which are comprehended under the Denomi- 
nation of the Mineral kingdom. 

The mineral kingdom is therefore ufually 
divided into • four partsll or . elaffes, viz. 
L Earthsy and Stones. IL Salh. HI. Injlam^ 
mahle Subftances. IV. Metalltf Subftances: 
which naturally point out a fimilar fourfold 
divifion of this treatife. 

B PART 
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PART I. 
Of Earths and Stones. 

By Earths are commonly underftood tafte- 
Icfs, inodorous, dry, brittle, uninflammable 
fubflancfs, whofe fpecific gravity does not 
exceed 4,5. which are incapable of being 
metalized, are fcarcely foluble in water, and 
give no tinge to Borax when melted with 
it. However Quicklime is ufually called an 
Earthy though it has a pungent tafte and is 
very perceptibly foluble in water, fo alfo are 
limeftone and gypfum, though they both 
contain a purely faline principle, and there- 
fore in my opinion they and fome other fuch 
fubftances may be clafied both among Salts 
and among Earths. Nay it appears that all 
Earths are folubld in fome very large pro- 
portion of water. Hence I think with Mr. 
Bergman^ that hi the ftrideft fenfe the term 
Earth, (hould, exclufively of any other deno- 
mination, be appropriated to fubftances of the 
above defcription, that require above one 
thoufand times their weight of boiling water 
to diflblve them, and that thofe which arc 
foluble in between four hundred and one 
thoufand times their weight of water may 
be called either falts as technical, or Earths 
as common language requires. 

Stones 
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Sn^nes differ from Earths only in hard- 
hefs and its confequences, and therefore arc 
included under the fame generical name. 
Yet diamond is alfo called a Stone, though 
it probably contains little Earth of any kind. 

CHAP. I. 

Of Simple Earths^ their number and Chara^ers. 

^yjlmple Earths, I mean thofe which pof- 
fefling permanently diftinft characters, are 
inciapable of being further analyzed or changed 
into any other, by any means hitherto known. 
Of thefe, we know only five. The Calca* 
reousj the Ponderous, the MagneJtaH or ATm- 
riaticj the Argillaceous^ and the Siliceous^ 
All Stones and Earths hitherto examined, are 
found to confift of thefe either fingly, or. 
mixed, or chymically united with each other, 
in various proportions, together with faline, 
inflammable and metallic fubflances ; for in 
the Earth they are feldom or ever found per^ 
fedly pure. 

Of the CharaHers of Calcareous Earth. 

i^'- When perfedly pure and free from all 

combination, it conflitutes lime ; its fpecific 

gravity is about 2,3. it has a hot burning 

taft^, adls powerfully on animal fubftances, 

B 2 and 



4 Elements of Mineralogy. 

and when in lumpsy heats with a moderate 

'qiiantity of water* 

^^ In the temperature of 60? it requires 
about fix hundred and eighty times its weight 
of water to diflToIve it ; its tafte is then pun- 
gent, urinous, yetfweetiih. 

3^ It is combinable with all acids, and in 
particular ealily foluble in the nitrous or 
marine, but difficultly cryftalizes with them, 
as it forms deliquefcent falts, and is in 
great meafure precipitable from them by the 
.vitriolic, to which it preferably unites, 
forming gypfum or felenite, which is wholly 
precipitable from them by the afFufion of 
highly re<9:ified fpirits of wine, or moderate 
evaporation, nitrous felenite eafily parts with 
its acid, when calcined in open veffels and 
a red heat; but marine felenite fcarcely* 
Both felenites have a bitter tafte. 

^th. \y^jj^j| in veflels on which it cannot 
aft, it is infufible per fe (that is fingly;) in a 
heat that would melt iron: yet Mr. Parkers 
glafe fcems to have induced a flight beginning 
of fufion in lime, even when it flood on 
charcoal, but if mixed with argillaceous, mag- 
nefian orfiliceous Earths, it will melt in a 
more moderate heat, and particularly if mixed 
with two or more of thofe Earths, And 

hence 
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hence it is fufible in earthen veflels, even of 
porcelain j it is fcarccly afFefted by fixed al- 
kalis,, but eafily melted and without effervef- 
cence by borax or microcofmic fait, or 
calces of lead. 

Ponderous Earth. 

i^* This may more conveniently be called 
Barytes, when pure it is alfo in the Rate of 
lime, which it perfe^ly refembles in tafte, but 
it requires nine hundred times its weight of 
water to diffolve it in the temperature of 60? 

2^' It is combinable with acids, but with 
the nitrous and marine, it forms falts that 
do not deliquefce, and with 'the vitriolic, a 
fait much more difficultly foluble than gyp* 
fum, it decompofes tartar vitrolate, an effed 
which no other Earth can operate. 

3^- It is precipitable from the nitrous and 
marine acids by the Pruflian Alkali, a pro* 
perty which alfo diftinguifhes it from all 
other Earths. 

4^^- In the dry way it a£ls and is a6l:ed 
upon nearly as calcareous Earth, but it is 
fomething more fufible by the mineral alkali* 
Its fpecific gravity exceeds 4,000. 

B 3 Magnejia 
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U.agnejia or }J[uriaUc Earth 

i^^ Its fpecific gravity when perfedly pure 
is about 2,33. 

2^' It requires about feven thoufand fix 
hundred and ninety-two times its weight of 
water to diflblve it in the common tempera-? 
ture of the aiff 

3^ It is combinable with acids, and though 
the vitriolic eafily feparates it from the ni- 
trous and marine, yet it does not precipitate 
it, as it does calcareous Earth and barytes, 
but forms Epfom fait which is bitter and 
foluble in its own weight of water ; whereas 
with the former Earths it forms infipid and 
very difficultly foluble compounds. 

4^^- Expofed to the ftrongeft heat,, it will 
neither burn to lime, nor melt per fe^ hut ^ofes 
much of its weight, partly by evaporation, 
jmd partly by the lofs of a certain proportion of 
water, which it naturally retains. Neither will 
4t vitrify in company with any other fimple 
Earth, except the calcareous, of which, accord- 
ing tQ Mr. Achard \ocP' will promote the fu-* 
fion of from twenty-five to fifty of magnefia, 
it will alfo mell \yith argillaceous and filiceou$ 
Earths together, and much more readily if 
calcareoiis S^trth be added tQ tUem. Like 

lime 
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lime It is brought into fuiion by borax or 
microcofmic fait, but is fcarcely aflFefted by 
fixed alkalis, or calces of lead. 

Argillaceous Earth or Earth of Alum. 

1^^ Thi« may more conveniently be called 
ArgilU its fpecific gravity when pure does not 
exceed 2,000* ; 

2**- It is exceedingly difFufible, but fcarcely 
more foluble in water than pure magnefia. 

3^ It is combinable with acids, and when 
combined with the nitrous or marine, like 
magnefia it is feparable, but fcarcely precipitable 
by the vitriolic acid * with which it forms 
Alum, which always contains an excefs of 
acid and has an aftringent tafte ; when com- 
bined with any of thefe acids, it is not pre- 
<:ipitable by the acid of fugar, which diftin- 
quiflies it from the foregoing Earths, all 
of which (except the ponderous united to the 
vitriolic acid) are precipitable from the vitrio- 
lic, nitrous and marine acids, by that of fugar, 
though the precipitation is not always appa- 
rent before the liquors are evaporated, nor at 
all, if there be an excefs of the mineral acids. 

* For if concentrated oil of vitriol be dropec} into a very 
Saturate folution of nitrous or marine Alum, a greyifh preci- 
pitat^ will immediately appear. 

B 4 The 
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/^^' The ftrongeft heat barely hardens it, 
but does not give it the qualities of lime, 
nor melt it, while fingle, or accompanied 
only with magnefia or iiliceous Earth ; but 
inixed with calcareous, it runs intp fufiOR 
very readily, and hence Mr. Gerhard has 
found it fufible in a crucible of chalk, but 
not in one of clay; fixed ^Ikalis do not pro--^ 
mote its fufion, but borax and n^icropofmic 
fait diffolve it, the firft with fcarce any, and 
the latter with a more notable efFervefcence. 
Calces of lead afFed it fomething Jefs thai> 
they do calcareous Earths. 

Siliceous Earth, , 

1^"^ This is by fome called cryflaline, 
quartzy, or vitrifiable Earth, as it is that of 
which glafs is ufually formed ; its fpecific 
gravity is 2,65, and confequently it is the 
neavieft of 2^11 th(3 fimple f.arths, except |he 
barytest 

2^* It feems lefs foluble in water than any 
other, yet in the common temperature of the 
atmolphere ten thoufand parts of water may 
contain one of this Earth ; and in very high 
degrees of heat, much exceeding that at 
which water ufually boils, it feems foluble in 
21 much greater proportion, 

3"- It 
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3^" It combines with no acid hitherto knownt 
except the fparry, which either in a liquid or ^ 
serial date, duI particularly in the latter, is ca-^^ e^' 
pable of holding much of it in folution/ 
which it depofits either on cooling or coming 
In contact with water, or fubftances with 
which it.has a greater affinity. But cauftic fixe4 
alkalis may even in the liquid way take up 
from -rV to f of their weight of this Earth 
according as it is more or lefs fubtilly divi- 
ded, and hence it is not improbable that even 
lime-water has fome a£):ion on it. 

4^*"- It is infufible/)^r/& in the ftrongeft heat, 
neither does argillaceous or magndian Earthy 
promote its fufion, the cflFeft of calcareous 
Earth is fomewhat more doubtful, for Mr. 
Jchard * and Mr. Scheffer,\ affert that thefe 
flarths do not melt together, but Mr. Darcet^\ 
^nd alfo Mr. B^rgman,% and Mr. Swab^ || fay 
that two parts lime melt one of quartz ; at leaft 
there is no doubt but this may be effedted ia 
veflels of clay, for an adftiixture of this will 
make the other two Earths immediately 
yield. Fixed alkalis, particularly the mineral, 
readily melt double their weight of this Earth 
with efFervefcence, borax afFefts it more dif- 
ficultly, and with fcarce any effervefcence, 
and microcofp^ip fait has hardly any adtion 

* Mem. Berlin, 1780, p. 32. f Foreles. § 175, h. 
% 22 Roz. p. 27. § Scheir. Foreles. $ 175, b. z Anmerk. 
I) z Memoires d'Upfal, p, 443. 

on 
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on it i calces of lead a£t on it more power* 
fully than on argill, but lefs than on calca- 
reous Earth, and melt from y to f their, 
weight of it. 

The calcareous, ponderous magnefian and 
argillaceous Earths being combinable with 
all acids, may be called abforbent Earths, in 
contradiftindion to the filiceousj which 
unites only to the fparry acid. 

Befides the general characters of thefe 
Earths, here given, Mr. Bergman has obferved 
and noted their different powers of abforbing 
and retaining water ; after moiftening equal 
weights of filiceous land, chalk, magne- 
fia, and Earth of alum, with as much water 
as they could take up without dropping, 
he found that the fand took \ of its 
weight, chalk i, magnefia i~, and Earth 
of alum 2,1, and when all thefe moiftened 
Earths were expofed to the fame heat, the 
fand loft its water firft, then the chalk, then 
the nvagnefia, but the argill, not qntil red-* 
hot. 

Again one of the charadlers of argillaceous 
Earth is the extreme fubtility and finenefs of 
ijts integrant parts, which render it fmooth 
to the touch, and flowly feparable from water 
when diffufed through it, alfo a certain vifci- 

dity 
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<!it7 and dudility which proceed from Its 
power of retaining water, and of thefe pro- 
perties magnefiaalfo participates though in a 
leffer degree. Siliceous Earths on the contrary 
are charafterifed hy roughnefs, hardnefs, 
iharpnefs to the touch,, and a total want of 
flexibility and adherence to each other, when 
kninutely divided, and a ready feparation from 
water; of thefe properties calcareous and 
ponderous Earths participate, though in i^ 
leflTer degree. 

CHAP IL 

Of the Jffimties of Earths to each other. 

The above mentioned Earths arc never 
found in nature perfedly pure, but always 
combined or mixed either with a faline or \n^ 
flammable principle, or with each other, or with 
fome metallic principle, particularly iron, be- 
fides water; when mixed with any notable pro^ 
portion of the inflammable or metallic princi- 
ples, or even of the faline, fo as to e;Kbibit the 
characters of fuch principles, they fhall be 
treated of under thofe particular heads ; I 
fhall here confider only fuch compounds as 
retain the general charafters of Earths, and as 
in conformity with Mr. Cronjled^ I intend 
deducing the various fpecies of Earths from 
their union either with faline principles of 
with each other, it will be neceffary to indi- 
(^te th? ^^nitie^ on which fuch unions are 

founded ; 
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founded ; the affinities of Earths to acid$ 
are generally known, but thofe of Earths to 
each other and to calces of iron have no 
where been treated of; and therefore require 
fome developement. — -The eflForts of art can 
fcarcely exhibit in the humid viSLjj the affiai- 
ties of Earths to each other, if this could be 
efFe6ted, we fhould probably find the fame 
eleftion and preference take place among 
them as among Earths and acids, we are 
therefore obliged to have recourfe to the drf 
way, which is much more imperfedl: foras they 
are all reduced by fire to a ftate of liquidity, 
they differ but little in fpecific gravity, and caa 
diflSicultly be ex;amined while in fufion, when 
cold they are all found fo mixed that it is 
not poffible to judge of their affinities by the 
way of preference and exclufion; but if we 
judge of thefe affinities as we do of that of 
water to falts, -by the greater or the lefler 
quantity which one of them confidered as a 
menflruum, can take up of another of what 
proportion of the one determines the fufion, of 
another, we may in that manner form a tole- 
rably accurate idea of their different attrac* 
tive powers. 

Among the fimple Earths* the calcareous 
alone,* can be looked upon as the menftru-^ 

♦ Perhaps the ponderous may alfo have this property, 
but it being fcarce, no experiments have yet been ipadc , 
with a view to dv^termine this point. 

Ufa 
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um of other Earths, for according to the 
important difcovery of Mr. D'Arcet^ they 
are all rendered fufible by a proper propor* 
tion of this Earth, though infufible of them* 
felves. A difcovery which throws the greateft 
light, not Qi^y on mineralogy, but alio on 
metallurgy and the arts of vitrifa&ion and 
pottery ; now calcareous Earth requires for its 
fufion half its weight of magnefia, and only 
4- of its weight of argillaceous Earth, accord-^ 
ing to the experiments of Mr. Achard.'f He 
did not indeed obferve that it had any effedl 
on filiceous Earth, but this appears to be 
owing to his having ufed too fmall a propor* 
tion of the calcareous, for Mr. Gerhard \ 
having expofed filiceous Earth to a violent 
heat in a crucible of chalk, found it vitrified 
in the edges where it touched the chalk, but 
'we may infer that this Earth is lefs a6led 
supon and more difficultly tl\an the foregoing; 
-even in the liquid way, calcareous Earth in 
fome cafes manifefls the fame afiinities, thus 
if Earth of alum perfeftly pure be added to 
lime water, it will precipitate the lime as 
Mr. Scheele has fliewn in the Memoirs of 
Stockholm, for 1776, and the precipitate is 
foluble in the marine acid, which (hews that 
the preicipitation does not arife from any re- 
mains of the vitriolic acid in the Earth of 

f Mem* fierUn# 1780, { 2 Gefch. Mineral Reich. 

aium. 
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jtluniy as gypfum in that cafe would be formed^ 
which is infoluble in the marine acid, but 
pure magnefia, that is, free from aerial^cid> 
does not precipitate lime waten 

Siliceous Earth feems alfo to hare fomt 
tifiinity to the argillaceous, for although it 
cannot be brought into fufion by the argilla*- 
ceous, yet when melted by fixed alkalis 
it a<fts on the argillaceous Earth of the cruci- 
bles and diflblves it; now fixed alkalis fitigly, 
cannot melt argillaceous Earth ; to fay no- 
thing of the hardening power of argill and 
filiceous Earths, when mixed together and 
heated. 

Iron in a more or lefs dephlogifticated ftate, 
being found inibme proportion mixed or united 
with almoft all forts of Earths and Stones, de- 
ferves alfo to have it^ aflfinities to them men- 
tioned, it IS much more fufible tha\i any of 
them, and may therefore be confidered as a 
menftruum. Mr. Achard has found that an 
hundred parts of calx of iron are capable 
of melting four hundred of calcareous, fifty 
of argillaceous, thirty- three of filiceous and 
twenty-five of magnefian Earths, it afts 
ftill more powerfully on Jeffer proportions of 
thefe Earths. 

Hciice, 
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Hence the affinities of thefe Earths^ and 
calces of iron to each other, feem to me to 
iland in the following order. ^ r * . 

UmCf Magneftof -^rg'tUf SileM^ Calx of IroKm 

Cali of Iron, lame, Calt of Iron^ Ctk of JrOtif Limt, 

Argill, CalxoflroDy Lime^ Line, Argil!, 

Magneliai Silciy Argyll, Siiei^ 

Sikx» Magndii. 

When fubftances are diflblved and at liberty, 
their affinities whether in the moid or dry 
way, are exadtly the fame, they being equally 
divided ; and the only difference is, that in 
one cafe, they are diffolved by fire^ in the 
other by a liquid. We may alfo obferve, ift, 
that the lefs calces of iron are dephlogifl:icated> 
the greater is their power of attracting Earth$ 
as Mr. Rinman has difcovered, and when 
dephlogifticated to a certain degree, they lofe 
this power, their colour according to the 
degree of their dephlogiftication is as follows, 
whitifh, pale yellow, yellow, red, brown, 
green, and blue. 2dly. That when once 
lime or calces of iron have aded as menftru-^ 
ums upon any Earth, a compound menftruum 
arifes, which ads much more powerfully on 
other Earths; thus,* though one hundred parts 
of lime can diflblve or liquify very little of 
filex, yet when thefe hundred parts of lime 
have taken up fifty of magneua, they are 
enabled to diflblve one hundred of filcx, and 

this 
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this laft compound forms a menftruum: ftill 
more compound, which is able to diflblve 
ftill more of magnefia, for equal parts Hmc, 
magnefia, and filex form a perfeft glafs; 
and hence equal parts of any three of the 
limple Earths will vitrify in a fufficient heat, 
fo that calcareous Earth be one of the three j 
nay one part lime and one of argill will melt 
2 or 2i of file?c, and other mixtures are more 
or lefs fufible as they approach to this pro- 
portion. 

The principal marks of Chymical Union are the 
folloiving. 

1^^' A fpecifc gravity exceeding that of the 
heavieft of the ingredients of the compound, 
or even greater than the intermediate. But 
it does not follow that, where fuch denfity is 
wanting, a chymical union does not exift, 
for the peculiar ftrufture of the compound 
which does not admit water into its vacuities 
may hinder this property from being obferved^ 
fo may alfo a certain quantity of water which 
enters into the compofition, and cannot al- 
ways be made fenfible. 

2*^* Tranfparency^ when this property is 
found in combinations of Earths with each 
other, or with faline fubftances, it indicates 
a chymical union ; but fuch an union is alfo 

confiftent 
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tonfifteiit with opkcity, as this may arife from 
a mere mechanical arrangement of the parts^ 
or the ihterpofition of fome that are not 
chyniically combined, too great thicknefs^ 
&c. 

3^ C^Jialization. iTiis proves that the 
jparts of the chryftaiized fubftances have 
been at fome period very minutely divided ; 
and in general that thejr have been chymical- 
ly combined with the menftruum, in which 
they chryftallized ; though I agree with Mr. 
Bergman that a chymical union with fuch a 
menftruum is not always requifite; but it 
does not prove that they were chymically 
combined with any other fubftance which 
chryftallizcs with them, except fome other 
inark of fuch union appears, and particularly 
a denfity greater than could be expeded from 
the proportion and deftfity of the component 
parts. 

4^^- A more difficult Solubility in their com- 
tnon menftruums, and of courfe a ftill greater 
difficulty of folution in menftruunis, that a€t 
only on one of the component parts. Gf 
this there are numberlefs iiiftances, yet there 
^s one exception, viz. where one of the com- 
ponent parts is rcfolvable by the adtion of 
the menftruum into an elaftic fluid, which 
by its eruption fo powerfully agitates and 

C divides 
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divides the compound, as to render it more 
foluble. Thus lime-ftone, and mild mag- 
nefia, are more eafily diffolved than either 
lime or calcined magnefia. On the other 
hand, fome metallic calces are more eafily 
diffolved in certain acids, than they are when 
furnifhed with phlogifton, though tWs alfo be 
refolvable into an elaftic fluid ; but this I have 
elfewhere explained. The calces of iron are 
fo much the more difficultly diffolved, as they 
are more dephlogifticated ; hence the v^hitifli 
calx is moil difficultly diffolved ; and next to 
that the yellowifh and red ; but the brown, 
green, and blue, mofl eafily ; and hence, 
flones which contain dephlogifticated calces 
of iron and unareated Earths, are mofl diflS- 
cultly diffolved, though the calces are not fo 
flrongly attracted by the Earths, nor confe- 
quently the flones fo hard, as thofe that con- 
tain iron in a more phtogiflicated flate. This 
accounts for the difficult folubility of talc, 
mica, &c. 

CHAP. III. 

Of the Syjlematical Arrangement of Earths 
and Stones. 

All Earths may be divided into fimple and 
compound. Simple are the five unalterable 
kinds already defcribed, which conftitute five 
forts or genera^ under which all terrene com- 
pounds may be ranged. 

By 
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By Compound Earths^ I undcrfland thofc 
that are combined or mixed in a notable pro- 
portion, either with each other, or with a 
faline, inHammable, or metallic principle^ 
yet not in fufficient proportion to require 
them to be arranged under fuch foreign prin- 
ciples. Such compounds being permanent^ 
and being the foundation of a peculiar deno- 
mination, I call Jpecksy and fimple fpecies^ 
in order to diftinguifti them from fuper com* 
pounds, which will prefently be mentioned. 
Thus gypfum is a compound Earth, confiding 
of calcareous Earth, and a faline principle, 
not accidentally, but permanently mixed with 
it. So alfo tourmaline is a compound Earth, 
confifting of the argillaceous, filiceou§, and 
calcareous^ and iron^ in proportions deter- 
mined within certain limits, and forms a 
fimple fpecies. I faid a notable proportion, 
becaufe it is difficult to affign this proportion 
with precifion; for it relates to denomina- 
tions of fubftances, and thefe are founded on 
the neceffity of diftinx3:ion, arifing fometimcs 
ftom the uiefulnefs of fubftances to mankind, 
and fometimes from caprice. Thus, a com- 
pound Earth, which fhould confift.of calca- 
reous Earth, and only two per cent, of gold 
or filver, wCuld be denominated an ore^ 
whereas, if it contained only two per ceqt. 
of iron, or of another Earth, it would ftiU* 
retain the name of, and be reckoned among, 
calcareous Earths. However, in general we 

.C 2 may 
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may fay, that any proportion which produdes 
peculiar efFefts, or is the foundation of fome 
particular ufe, is notable. When iron is found 
in any Earth or Stone, in the proportion of 
1 4 or 15 per cent, it commonly renders it 
magnetic, either before or after torrefaCkion, 
according to its ftate of phlogiftication; and 
if it be found in the proportion of 30 per 
cent, or more, it gives the compound the de- 
nomination of an ore. To ftones that con- 
tain a greater quantity of iron than is effen- 
tial to them in the pureft ftate, I add the de- 
nomination martial, or Jerruginbus. 

When fimple Earths, belonging to different 
genera^ are mixed or combined with each 
other, I generally place them under that 
genus of which the compound contains the 
largeft proportion, yet not always, for if 
the compound poiTeffes the peculiar charafters 
of the component part, which is in a fmaller 
proportion i or if it attracts the attention, 
and is fubfervient to the ufes of mankind, 
merely on account of the lefs copious ingre- 
dient, 1 range it under the ge?ius of that in- 
gredient. Thus, though commonclay contains 
much more of liliceous than of mere argillace- 
ous Earth, yet, as it pofleffes fmoothnefs, viici- 
dity, and foftnefs, in a high degree, it would 
appear ridiculous to place it under the filice- 
ous genus, whofe charadlers are the very re- 
verfc. For the fame reafon, I place the 

precious 
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precious ftones under the filiceous genus, 
though the argillaceous be, in point of pro- 
portion, predominant in their compofition. 

By fuper compound Earths or Stones, I 
mean aggregates of vifibly different Jimple 
Jpecies^ in a notabk proportion, whether 
thefe fpecies belong to the fame, or to different 
genera. Thus I would call a compound of 
gypfum and fluor fpar a ftjper-com pound, 
though both belong to the calcareous genus s 
and a fortiori granites and porphyries, which 
form aggregates of fimple fpecies belonging 
to diflFerent^^w^r^. Sup^- compounds, there- 
fore, form compound /pedes 9 which may be 
ranged under that genus which is found in 
them in greater proportion. In general they 
may be known by the eye, at leaft when 
^ided by a lens. 

In ftridtnefs, Earths of different genera^ 
each of which contain the aerial acid, fhould, 
when mixed with each other, conflitute 2^ 
compound fpecies, yet, as this acid is eafily 
expelled, and caufes no great difference in 
the properties of the compound, and as in 
faft abforbent Earths, when combined witU 
HQ other faUne principle, are feldom without; 
it, I fhall rank thofe compounds among the 
iimple fpecies, and fo I fhall quartz and filex, 
though feldom abfolutely pqre, 

C3 CHAP. 
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"^ G H A P. IV. 
Calcareous Genus. 

Species 1. 

Calcareous Earthy uncombined with any 
Acid. 

This ftone is of a grey colour, moderately 
hard, or rather foft, found near Bath ; it is 
mixed with calcareous farth combined witl\ 
fixed air ; and hence it effervefces with acids, 
but at the fame time it is foluble in water, tq 
which it communicates the tafte of lime ; and 
if this folution be mixed with fulphur, \% 
diflblyes it, and forms a calcareous liver of 
fulphur, with the affiftance of heat ; whence 
it is plain that part of the calcareous earth i^ 
in an uncombined ftatc. See Falconer on 
Bath Waters, vol. i. p. 156 and 257. When 
expofed tp the air for fome time, it hardens, 
by attracting a fufpcienoy of the aerial acid* 
I have obfervecj feveral lime-ftones to have 
the fame property of hardening fome time 
fifter they have t)een dug. Mr. Momet alfo 
found this Earth in a loofe, dry, powdery 
form, of a yello^ifli colour, in the moun- 
tains of Auvergne, and fpfpeded it to be of 
vplcanip origin. Miner qlogie^ V^ SIS* 

Species 
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Species II. 

Combined with the Aerial Acid. 

This fpecies comprehends a great variety 
of external appearances, the moft remarkable 
of which are tranfparency and opacity, hence 
I fliall divide it into two feries, the tranfpa- 
jrent and opake ; all efFervefce with acids ; 
none give fire with fteel i the chryftalized de- 
crepitate when heated. 

Series I, 
Tranfparent Spars. 

Thefe ar^ of a lamellar texture, and moftly 
break or fplit into rhomboidal laminae ; and 
this ftrufture is generally called fpathofe, ox 
fparry. They are found cryftallized in va- 
rious forms, rhomboidal, hexangular, trian- 
gular, polyangular ; but the moft common is 
the rhomboidal, of which. fort is the Iceland 
cryftal, which pofleffes a double refradUng 
power. 

Their fpecific gravity is generally about 
2,700, when pure from metallic particles ^ 
^nd they generally contaiq from 34 to 36 
per cent, of the aerial acid, from 53 to. ss 
of mere Earth, and the remainder water* 
C 4 Theft 
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iThefc fpars when pure are always colour- 
lefs, but fometimes they are found green, 
brown, reddifh, yellowilh^ and even blackjj 
from a mixture of metallic particles. 

I)e la Hire and Huygens^ denote rhom* 
boidal fpar under the name of talc. 

Series II. 
Opak?* 

Under this feries I range a variety of ftone§ 
of the fame fpecies, but which are known 
under various denominations arrifing from 
external properties, or the apparent mode 
of their origination ; fuch as opake-fpars, 
ftalafttites, tophufes, incruft^tioris, petrifacr 
tions, agaric -mineral, chalk, limeftone, 
mfirble^ 

Opake Spars. 

Thefe are chryftalized under the fame re- 
gular forms as the tranfparent fpars, and 
iiimetimes appear in a globular form ; their 
texture is alio lar^ellar, they are of difiFerent 
colours like the foregoing; the red fre- 
quently receive that tinge ffom mangaqef?^ 
it Roz. 15, 

$tafaSliteSi 
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Stala&ites, Sinter Calcareum^ Sttria^ 

Thefe are found fufpended from vaults, 
being formed by the oozing of water charged 
with calcareous particles, and gradually evar 
porating, leaving thofe particles behind; thi$ 
depofition can fcarce be called a chryftaliza*^ 
tion, as the calcareous particles do not ap- 
pear to have been diffolved, nor even very 
minutely divided, though this fometimes 
happens, whereas tranfparent fpars appear 
to have been formed from a folution in water, 
by means of the aerial acid. Staladlites ar6 
of a laipellar or granulaf texture, and either 
in a branchy form, or in that of perforated 
cones, or globular, and then called Jialag^ 
rnites^ oolithes^ pifolitts^ &c. Moft of thefe 
ftones contain a flight mixture of argill and 
calx of iron. And hence ^re of a grey^ 
l^rown, yellow, or blackifh colour. 

Tophtf Duck/lein of the GermanSi Fori 

Thefe differ from the former, not only if| 
ihape, but principally in this, that they have 
been formed by a gradual depofition of 
Earths, chiefly of the calcareous kind, barely 
llifFufed through water » within the water 
itfelf and not \r\ air. Hence they are of a 
foft §n4 ppr<^u? tcjfture, and 9f the fame 

colpur 
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colour as the foregoing, the pureft forts g^lone 
are placed here. 

Calcareous Incru/lations. 

Thefe are generally found on branches or 
roots of trees, and fometimes on ftones of 
di£Ferent kmds, the moft remarkable of thefe 
incruftations is that found on the roots of 
pines, called OJleocolky which Mr. Margraaf 
found to confift chiefly of calcareous Earthy 
mixed yjiixSx a fmall proportion of filiceous, 
ai^d volatile alkali, together with fome veg^r» 
t^ble parts^ 

Calcareous PetrifaBions. 

Thefe confift of calQareous ftones, in the 
form of animal or vegetable fubftances, the 
former are called Zoophytes, the latter Pby^ 
tholites. 

The moft remarkable of the foripcr are, ift, 
Thofe of the C?r^/clafs, of a ramified and tubu- 
Iftr form as coral, madrepores, millepores, 
^roites. 2d, Thofe of the clafs of fea worms, 
belemnites, which are of a conic or cylyndrical 
form. Aflerids and Entrochi^ which have a 
ftarry appearance. 3d, Thofe of the tefta- 
ceous clafs, as nauiilitesy ammonites^ echini^ 

Agaric 
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Agaric Miner aU Guhr. 

This fanciful name denotes only a loofc 
calcareous Earth found in the clefts or cavi- 
ties of rocks, moftly white, but fometimes 
red or yellow* from a mixture of clay or 
ochre, ' 

C^halkt Craicj Crate de Champagne^ blanc 
cTEfpagne of the French. 

This fubftanpe is too well known to nee4 
any defcription, the pureft is nvbite^ yet it 
contains a little filiceous Earth, and about 
two per cent, of argill. Mr. Rinmans Hiftory 
of Iron, § 20 1, mentions a blue chalk found 
in the neighbourhood of Upfal^ which con- 
tains iron. Mr. Beautne fays that the pureft 
calcareous Earths he has met with contain 
fome fmall proportion of iron, which depofits 
from folutions long made, i Beaumi 255. 
however I have frequently ufed chalk, in 
whofe folution neither galls nor Pruffian alkali 
could difcover any. Dry chalk contains 
more aerial acid than any other of the cal- 
pareous clafs ; generally about forty per cent 
jt§ fpccific gravitv is from 2,^, to 2,65. 

Limejlones^ 
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Marbles. 

Opake ftones of any fort, fomething 
harder than limeftones, more compa<9:, of 
a clofer grain and fufeeptible of a good poHfh,- 
have been called Marble by ftatuaries, but 
this name is now appropriated to, ftones of 
the above d^ription, of the calcareous genus 
only. The fpecific gravity of Marbles is from 
^,7 to 2,8, their texture like that of lime- 
ftones is either lamellar or granular and their 
colours various, riot only in different maffes, 
but in one ^nd the fame piece j thefe laft will 
be mentioned among the compound fpecies : 
when the different ^eeies atre in large diftin<3: 
maffes they are called Breccias^ Marbles of 
three colours, grey, yellow, and black; which 
abound in petrifa£kions, are called luma-^ 
chellis ; thofe of four colours, white, grey, 
yellow and red, are called Brocatellos. I 
Ihall here only mention the purer forts that 
contain the leaft mixture of foreign genera. 

IVhite Marble, particularly that of Carrara^ 
is the purcft with which we are acquainted; it 
is of a granular texture and fparkling in its 
frafture like fugar ; its fpecific gravity is 
2,7175, of this fort is the Pietra Elafiica of 
Rome. Ferber^ Italy ^ 130. Other white mar- 
bles are hot fo pure, many are of a lamellar 
texture. 

BlacK 
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Black. This colour is commonly owing to a 
flight mixture of Iron. Mr. Bayerf found 
one fpecimen of it to contain five per cent, 
of iron, yet the lime made of it was at firft 
white, but in time acquired an ochry, or 
reddifh yellow colour, 1 1 Roz. 496* 

Mr. BergtUnn remarks, that all calcareous 
Aones which grow black or brown by calci- 
* nation, may be fufpedted to contain man- 
ganefe* in that cafe the lime they form is 
excellent as a cement. 2 Bergman j 229. 
And according to Rinman (Hiftory of Iron, 
§ i^9>) white calcareous ftones, that grow 
black by calcination, contain about ten per 
cent, of iron. 

Grey. This fort of marble contains kfj? 
iron, only one or two per cent, according to 
Mr. Bayen* 

Blue and Green marbles derive their colour 
from a mixture of fhorl, according to Mr. 
Rinman^ Hijioriaferri. § 2pi. 206. 

Species HI. 

Combined nuith the Vitriolic Acld» 
Gypfumy Selenitey Plaijler of Paris. 

This fpecies is of diflFerent colours, moftly 
white or grey, of a lamellar, granular, or 

fibrous 
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fibrous texture, of a moderate hardnefs, tidf 
fo great as to give fire with fteel ; foraetimes 
apake, fometimes pellucid, fometimes regu-^ 
larly chryftalized^ and fometimes amorphous. 

Its fpecific gravity is 2^32 generally, fome- 
times only 1,87. 

It is foluble ill about five hundred times 
its v^reight of water, at the temperature of' 
fixty . It does not efferVefce with acids, and is 
difficultly foluble in any, particularly in the 
marine. 

Wh^n heated a little below ignition, it un- 
dergoes a motion fimilar to that of ebuHition^ 
from the diffipation of its aqueous part, and 
falls into powder; if taken Up when this 
motion ceafes, and fprinkled over with water^ 
it foon concretes and hardens^ by reafon of 
its fudden chryftalization. 

If (Calcined with \ of its weight of char-' 
coal, it yields a^ liver of fulphur, and the 
Earth thus feparated, treated with black flux, 
frequently yields a little of Irons it is fufible 
.per fc by the blow pipe. 2 Bergman^ 469, 
or in a long continued porcelain heat, 22 
Roz. 26, though Mr. Gerhard fays this does 
not happen in crucibles of chalk, but only 
in thofe of clay. 2 Gerh. Gefch. 1 $. 

It 



Cakaredus Cenui. 33 

It cotitains about 30 per cent* vitriolic acidt 
%l of mere Earth, and 38 of water; of 
t^hich it parts With about 20 by calcination. 
Thebeft method of decompofing it is to boil^ 
it^ well pulverized^ in a fi:&ed alkaline lye* 

The varieties of its external appearances 
may be prefented under two feries> the 
tranfparent knd opake« 

SeIiies L 

Tran/pareni. 

LapU Spicktaritj Fitrum Rutbenieumf Gtaciei 
Marie^ Stirium PeUucidum^ Gypf^^ ^P^ 
thofum Jbiaphauffm. 

This is cilfcer colourlefs, of yellowifh, 
green, or reddifli ; which laft colour is from 
iron. Hi Mr. Morueau has^ by means of 
vinegar, completely feparated it. Its form 
is either amorphous, or regular, generally 
cubic ; its texture lamellar, fcaly, or 
fibrous. 

Series H. 

Opake. 

The colour of thb is either white, grey, 

yoBowiih, greenifli^ or black; its texture 

D fcaly, 
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fcalyy fibrous, or granular ; its fhape either 
regular as cubic, rhomboidal, or prifmaticy 
confiding of three or five (ides ; or amor- 
phous, of which fort is alahqfter^ whofe tex- 
ture is granular, with fliining particles, and 
its fpecific gravity i,87* 

Species III. 

Combined nvitb the Sparry Acid. 

Fluor $ Spatbumfufibilef Petunfe of Margraaf 
2 Tbeil^ p. 45, Blue John. 

Its colours are various, being either white, 
yellow, blue, green, reddilh, purple, brown, 
or colourlefs ; its texture fparry or fliattery ; 
its form either amorphous or regular ; 
its hardnefs not fo great as to give fire with 
fteel 5 its fpecific gravity from 3,14 to 3,18 ; 
if greater it proceeds from a large propor- 
tion of metallic or other foreign particles. 

It is infoluble in water, does not eflervefcc 
with acids, and is fcarcely foluble in them 
without decompofition. 

When heated it decrepitates and burfts, but 
does not yield lime, nor harden by the af- 
fuiion of water, as gypfums do. The colour- 
ed fluors become phofpborefcent when heated 

flowly^ 
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flowly, below ignition, but lofe this property 
when made red hot, and alfo on coolings 
it mtXisperfe in a ftrong heat, and violently 
attacks the drucibles, as it powerfully pro- 
motes the fufion of strgillaceous Earths. It 
is alfo fufible with mineral alkali, borax or mi- 
crocofmic fait, and without efFervefcence. It 
confifts of thefparry acid, water, and calcareous 
Earth. According to Mr. UArcet^ the acid 
is in the proportioh of 16 per cent, 22 Rot. 
24; and according ttt Mr. Scheele, 166 gr. of 
fluor contain about $j of mere Earth, and 
confequeiitly about 2^ of water; but I be- 
lieve it contains ^much lefs water, and much 
mote acid, for a great deal of the acid pierces, 
through the lUting during diftillation. 

It is decompofed by diftlUlng it witk three 
times its weight of concentrated vitriolic acid, 
but to obtain the fparry acid pure, it fliould be 
diftilled with its own weight of that concentra- 
ted acid pure and colourlefs, at firft with a gen- 
tle, and towards the end with a ftrong heat, 
placing water in the ireceiver, in the propor- 
tion of Id or 12 times the weight of tlie 
fpaf* The nitrous and mirine acids dc-- 
compofe it if dilute, but not when thefe acids 
Jire concentrated. 

Blue fluors derive their colour raoftly from 

iron, but fometimes from cobalt. 2 Berlin^ 

D 2 Btfchafu 
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Befcbqft. 330 ; and in fa^, iron> precI^Mtatcd 
from the fparry acid by lime water, is white, 
with blue (peeks. Green fiuors owealfo their 
cobur to iron. Rtnmany § 2o6« 

Moft fiuors contain a mixture of argilla- 
ceous and filiceous £ar&8» and fome marine 
acid. The filiceous Earth, which fublimes 
in diflilling thefe fpars, arife, from the folution 
of that pre-contained in the fpar, or from 
«.he corrofion of the glafs veflels, as Meflrs* 
Mayer and Wiegleh have fhewn ; this acid pof« 
feffing the fingular property of diflblving 
£liceous Earths, and confequently glafs. 

The varieties of this fpecies may be re- 
duced to two, the tranfparent and opake ; of 
which there are neceflarily many interiiie- 
diate (hades. 

SbrI£8 L 

Transparent. 

Thefe are generally of a regular fiiape, 
cubic, rhomboidal, polygonal, and of diffe- 
srent colours ; and hence called pfeudo*eme« 
raids, (apphires, topazes, amethyfts, &c. — 
Some are amw^^ioust 

Sehies If. 
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Series n» 
Opake. 

Thefe are diftinguifhed by the fame co* 

^ours; their texture alfo is generally the 

fame^ but it is faid to be ibmetimes granular ; 

their form is alfo regular^ or amorphoust like 

the foregoing. 

The phofphorefcent property of iluors 
£eems to arife not from the acid ungly> other- 
wife all fluors would poflefs it^ but from the 
acid» in contad with metallic particles^ and 
confequently from the acid and phlogiibn. 

Species IV. 
Combined v)itb the Tungften Acid^ 

Tiaigfteny Lapis Ptmderqfus^ Schwerere Zkti^, 
graupen cf the Germans. 

When pure it is of a grey colour and lamel* 
Ur texture^ gives fire with fteel, and is very 
weighty^ its fpecific gravity being from 4199 

It is infoluble in acids, except by pcculiaij 
management; when powdered and digefte4 

P3 wita 
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with the nitrous or marine,> it aflumes a yeU 
low colour, as Mr. Woulfe firft obfervedf 
Fhil* Tranf. 1 779, p. 2^, 

When heated it bqrfts, becomes reddifh, 
ftielts very difficultly per fe 5 nay, according^ 
to Mr. Btrgtnan^ it is infufible with theblovy 
pipe, and not totally fufible ev?n with ^ the 
itffiftance of fixed alkali, but eafily "by borax, 
and without efFervefcepce, It alfo eafily melts 
with its pwn weight of fluor, 

Its conftituent parts were difcovered by^ 
Mr. Bergman and Mr. Scheele^ nearly at the 
fame time, but firft publifhed by Mr. Scheek 
in the Swedifti Memoirs for 1 78 1 . It appears 
td contain about I its weight of calcareous 
Earth, and the remainder a pecijliar 2^ci4 of 
90 eartjiy appearances ^nd iroi^. 

This add is feparated from its earthy bafisj^ 
by digefting the powdered ftone in three 
times its weight of nitrous acid, and afte^" 
pouring off tliis acid, and edulcorating the 
refiduum, digefting it again in cauftic volatile 
alkali, after fome time the alkali is alfo poured 
off, and the refiduum being edulcorated, is 
^gain digefted in nitrous acid, and afterwards 
in volatile alkali : Thefe fucceflive digeftionsi 
^re continued until the greater part of the 
i^on^ difappearsi the nitrous acid con(Untly 

taking 
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taking up the calcareous Eartht and the vola* 
tile alkali uniting to the tungflen acid; at 
laft the tqngften acid is precipitated from the 
volatile alkaK in the form of a white powder, 
by faturating the' alkali with any other acid. 
This powder is foluble in 20 times its weight 
of boiling water, and then reddens litmus, 
has aa acid tafte, and with lime water pro« 
duces a regenerated tungflen; its fpecific- 
gravity is. about 3,690, 

Species V. 

Mild Calcareous. Earth mixed nvith a notailc 
Proportion of Magnejia. 

L Varjett. 
Compound Spar. 

This ftone is defcribed by Mr. fTou/fe. 
Phil. Tranf. 1779^ p* 29. It is there faid to 
be either white and femitranfparent, or of a 
pearl colour, or reddiih, or of different fhadot 
of brown or yellow, of a peculiar glofs or 
brightnefs, like gold, brafs, or copper ; and 
to confiil of flat, folid| and rhomboidal 
chryflals, and harder than (calcareous ipars*. 
It effcrvefqes with acids. 

One hundred parts of it conts^in 60 of mild 
Cftlcareou9 £artb| $s ^^ ^^^^ muriatic^ and 
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5 of iron: the iron appears to be accidental^ 
and its quantity greater or fmallcr, according 
to the colour of the iloac. 

JI. Vaeiety. 

Creutzemvald Stone. 

This ftone is mentioned, but not deicribed 
by Mr. Bayen. 13 Roz. 59. It is probably 
of a brownt or yellowilh colour, and great 
weight; it contains by Mr. Bayenh account, 
^5 per cent, mild calcareous Earth, 1 2 mild 
magnefia, and 13 of iron. It is found near 
Creutzenwald^ and there ufed as a dux for 
iron oxt$M 

Species VL 

JilKld Calcareous Harth mixed nvith a notable 
'Ihroportm of Clay. 

I. VARIBXy, 

Xn a loofe Form Calcareous Marl 

Marl is well known from its ufe in agri^ 
culture, I diftinguilb two forts of it, the 
calcareous and the argillaceous ; it is of va-« 
rious colours, grey, yellow, red, brown, or 
bluifli; thefe arife from a mixture either of 
iron or pyrites^ The calcareous ftrongly ef- 

fervefce$ 
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fervdfces with acids ; it is of different de« 
grees of hardnefs, and readily burfts and 
falls into powder in water, or by expoTure to 
the air. When the calcareous Earth is in 
large proportion it burns to lime, and eveii 
vitrifies in a ftronger heat. The proportion 
of mild calcareous Earth is from 50 to 75 or 
80 per cent, if greater it fhould rather be 
claffed among chalks. Hence any Eiirth of 
this fort, that lofes from 16 to 27 parts of 
its weight per cent, by folution in acids, may 
be deemed a calcareous marl, this being the 
weight of the volatilized fixed air which 
correfponds with the above proportion of cal« 
careous Earth. Note alfo, that by city I 
mean common clay, that is, a mixture of 
argill and filiceous Earth, in which this lat« 
ter moftly predominates. See Dr. Withering % 
Differtation. FhiL Tranf. 1773* p. 161, and jt 
Bdinb» JElfays^ p* 4* 

II. Variety. 
In a Stony Fornix 

^ravertinoi Pietra Forte^ Pietra Fongma of 
the Italians. Margodes. 

The two firft differ only in hardnefs j they 
are of a grey, blue, or yellow colour ; the 
firft Joofe and porous, the fecond harder ; the 
l^ird is a tufa, which, containing the feeds of 
lBulbf©oms> produces them yearly, on being 

iprinkled 
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fprinkled with water, Ferber Italy ^ 117, 15^; 
They are often formed of volcanic afhes, in- 
durated by water, and evidently contain fome 
proportion of iron ; the two firft are ufed a^ 
lime ftones. The pietra colombina^ and /«r- 
china^ are faid to be of this fort. 

Analogous to thefe is the margodes^ a blu- 
ifli grey ftone, entirely refembling clay in its 
outward appearance, but fo hard as tp cut 
fpars, or even zeolytes, but not to fuch a^ 
degree as to give fire with fteel ; dull in it$ 
frafture, its texture thick laminae, and of a 
conchoidal form; its fpecific gravity 2,8775 
it efFervefces with acids. I found it to con- 
tain 50 per cent, of calcareous Earth, s^bout 
3a of argill, 15 of filex, and 2 of iron. 

Mr. Bergman^ in his remarks on the 
jtnountains of PP^e/i Gothland, Memoirs of 
Stockholm^ 1768, mentions a fort of red mat- 
ble found near Roloock^ which contains fb 
much clay that ix hardens in fire, and cveo 
melts in a ftrong heat. 

Species VIL 

Mil(i Calcareous Earth mixed nvith a notable 
Proportion of Ponderous Earth. 

Barytical Limefione^ or Marl. 

This is faid to be found both in a ftony 
»nd loofe form in Derbyjhire j the former is 

^4 
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' faid to be of a grey colour, and heavier than 
common lime^ftones, but I have feen none 
pf them.. 

, Species VIIL 

Mild Calcareous Earth mixed nvith a notabk 
Proportion of Siliceous Earthy 

I. Variety. 

Stellated Spar^ Stem Spath^ Stem Schoerl of 
the Germans. 

This is opake^ and of a radiated form* 
found in limeftone by Mn Fichtel on the 
Carpathian Mountains. It eflFervefces with 
^ jicids, and according to Mr. Bindheim^ ioq 
parts of it contain 66 mild calcareous Earthy 
30 of filiceous, and 3 of \toxk. ^ Scbrift^ 
Tiaturforfch. Freunde^ pt 454, 

II. Variety. 

Calcareous Gritj Calcareous Sand-flone^ Calca^ 
riiis Arenarius^ "Pierre de Taille Calcaire^ 
Moelhn^ Pierre de Liais* Monnet Mine^ 
ralogicy p. 216; 

Its colour is various, but moftly white, 
grey, brown, or of different fhad^ of yeU 
low : it eflFervefces with acids, and is more 
Of Icfn ibluble w th^m, according ta the pro^ 

portion 
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portion of miid calcareous Earthy which alio 
varies, from 50 to 70 or 80 per cent, when 
lefst it fhould be reckoned among the (iliceous 
iand-flones. 

^ It frequently contains alfo a fmall propor- 
tion of argill, and a ftill fmaller of iron. Its 
furface is generally rough; its texture moftly 
granular, but fometimes fcaly: it does not 
llrike fire with fteel ; it is fometimes ufed as 
a limeftone ; it hardens by ^xpofure to the 
air; it is frequently fprinkled over with 
mica, but not in fuch proportion as to alter 
its genus or fpecies. The fand-ftone of St. 
Helena^ which is very brittle, and buriis to 
Hmc> id of this fpecies. 

Species IX« 

Mid Calcareous Earth mixed tvith Petrol m 
Jmall Proportion. 

Swine^ftone^ Pierre Puante, Stinkfteine^ Lapit 
Suillus^ Or [ten of the Swedeu 

The colour of this ftonfe Is either white> 
grey, yellowifh, brown, or black, with glit- 
tering particles ; its texture granular, fcaly^ 
pr lameUar ; its form cither round or prif- 
matic, and polygon or amorphous ; its grain 
compad and equable, or Ibofe and open ; iti 
fjpecific gravity confcquently from two ta 
; three.; 
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^ee ; its hardneia oot i> great as to give 
fire with fteeL 

It is (bluble with effervefcence ia actd9» iMtt 
its moft diftin£tiye charader is the oflFenfiye 
urinous fmell it gives when rubbed : k lofes 
this fineU when heated fuffieiently, and give< 
a flight flame when furrouuded with buraitog 
coalsy and at lafl: burns to lime* 

It affords little or no oil by diftillation. 

It frequently contains a litttie argillaceous 
Earth and Iroui and moulders by expofure 
to the ain 

SPECIES X. 

Mild Cfllcarcous Earth mixed nvith a, notabk 
Proportion of Pyrites. 

Pyritacews JJme/iont^ Pierre de St. Ambrolx. 

This ftdne was analyfed by Baron Servieresj 
21 Rot. 394. 22 Roz. 207. Its colour is 
irori grey, interfperfed with fliining particles. 
|ta t^cture compact ; its hardnefs fuch as 
icarcely to give fire with fteeli its fpecific 
|;ravity 2,7034* 

It is foluble in adds, and moflly with efFer- 
vcfcence* 

It 
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It Calcines in a ftrong heat» and makifS 
nitre flightly detonnate. If diftilled, it af^- 
fords a fmall portion of vitriolic acid) and 
fome fulphur fublimes. 

It confifts of about 75 per cent, niild cal- 
careous Earth, and 25 of pyrites, which con- 
tains 14 of argill, 7 of quartz and fulphuf, 
and 4 of iron« 

Species XI. 
idiiced with a notable Proportion of Iron. 

L VAklEtY. 

Mitd Calcareoui Earth mixed with iron. 

Thefe ftories are either yellowifti white, of 
red : the former are of a fcaly texture, and 
grow black when expofed to the air, very 
weighty, efFervefce with acids, and contain 
about 25 per cent, of iron ; the latter are of 
a coarfe grain, flightly efl^ervefcd with acids^ 
lofe 30 per cent, by calcination, and contain 
10 per cent, of iron. Some ftaladites alfo 
contain from 20 to 27 per cent of iron.: 
JUnman Mem. Stock. 1754. Other iron ftones 
* of this fpecies, containing more iron, belong 
to the calcareous iron ores» 

n. Variety. 
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ll* Variety. 
Tungften intimately mixed with Irtnu 

Red or Flejh^colavred Tungflen. 

It does not efFervefce with acids^ (caroely 
gives fire with fteel ; is of a coarfe texture^ 
eafily pulverized : its fpecific gravity from 
4^9 to 5,8 ; becomes magnetic after calcina^ 
tion ; eafily melted with its own weight of 
fluor ; with great difficulty affords about 30 
per cent, of iron. Cronfted. Mem. Stock. 
17 S^' Hence it is never ufed as an iron ore. 

Compound Speciesi, in ivhicb the Calcareouf 
Gent^ predominates^ 

Species L 

Compounds of the different fimple Species of 
the Calcareous Genus: 

Here I place all the different compounds 
of mild calcareous Earth and gypfum, or 
fluor, or tunjgften, &c. which may occur; 
alfo thofe of gypfum and fluor, gypfum and 
tungften, or fluor and tungften, &c. which 
may be plaiced as varieties of this compound 
fpecies. 

Species IL 
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S^ECI£SlL 

Qmpmmds t^Caieareous mid Baryticat f^ectes^ 

I have feen yellowifli ftoncs of this fpecles 
from Derbyjhircy confifting of lumps of 
chalk inter^rfed with nodules of barofele- 
Bite : many more may oocur^ as compounda 
< ^ gypfum and barofeknite, fluor and baro« 
lelenitet Sec 

Species IIL 

Compounds of the Calcareous and Muriatic 
Species. 

Under this head I range all the compounds 
of mild calcareous Parth, trr fluor, or gyp- 
fum, which contain fteatites> ferpentine, talc^ 
amianthus or aibeftos. Of this fpecies the 
fi)llowing varieties have been obferved. 

!• Variety. 

fTi^ite Marbk interfperfed with Spots of S tea* 
titesj or Soaprock Kolmord Marble. Cronfted. 
$261. 

This is of a fcaly texture, and the fte«xtc» 
and £baprock either green or black. 

II. Variety* 
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11. Variety. 
I. Pktra Talchina. 

This confifts of white fpar, with vein* of 
ta}c. 

2. Verde Antico. 

A light green marble, with deep green^ 
black, white, and purple fpots ; loo parts 
of it contain, according to Mr. Bayen^ 62 
mild calcareous Earth, 30 of green talc, I 
of magnefia, and i of femiphbgifticated iron* 
12 Roz. ^6. 

Species IV. 

Compounds of the Calcareous and Argillaceous 
Species. 

I. Variety. 
Mild Calcareous Earth and Argillaceous Shijlus^ 

I. Grjsen.Campan from the Pyrenees. 

This is a marble of a green colour, and 
llightly magnetic Acxording to Mr. Bayen^ 
1 00 parts of it contain 65 of mild calcareous 
Earth, 32 of argillaceous, and 3 of femiphlo- 
gifticated iron, 11 Roz. 499. Since this 

£ ilone 
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ilone is fomething magnetic^ it i» plain that 
the Ihiftus muft contain at lead lo parts iron ; 
and alfo, that this iron is not much dephlo- 
gifticated. Hence alfo, the colour is green, 
*^hich colour, or blue, is always, when it 
proceeds from iron, a fign that the iron is not 
much dephlogifticated J on the contrary, a 
red or yellow colour from iron, denotes it to 
be in a dephlogifticated date; 

2. Red Campan. 

A red marble, not magnetic ; loo parts of 
it contain 82 of mild calcareous Earth, 11 of 
argillaceous fhiftus, and 7 of dephlogifticated 
iron» II Roz. 501. 

3. Tellow figured Marble from Florence. 

Mr. Bay en found 100 parts of it to con- 
tain 75 of mild calcareous Earth, 13 or 14 of 
fhiftus, and 4 or 5 of dephlogifticated iron. 

4. Griotte. , * 

A red marble from Autun; contains 67 
of mild calcareous Earth, 26 of reddilh fhiftus, 
2 of iron, and i of magnefia, per cent, ac- 
cording to Mr. Bay en. 

5. Amandola. 
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5. Amandola. 

A green honeycomb-like looking marble^ 
Containing white fpots : 100 parts of it con- 
tain 76 of mild calcareous Earth, 20 of fliiftus, 
2 of femiphlogifticated iron ; the cellular ap« 
pearance proceeds the fhiftus. 1 2 Koz. 56. 

6. Cipojinfrom Rome. 

A green marble, with white zones* It 
gives fire with fteel, though difficultly; loo 
parts of it contain 67,8 of mild calcareous 
Earth, 25 of quartz, 8 of fhiftus^ 0,2 oi 
iron, befides the iron contained in the ihiftus. 
22 Roz. 52* 

IL Variety. 
Calcareous Earth and Mka. 

I. CipolinfroM jfutun. 

A green marble, confiding of 83 parts 
mild calcareoiis Earth, 12 of green mica, 
and I of iron. 12 Pjoz. ^$. 

i\ ^ 
2. Micaceous Limejlone. 

This is of a glittering apjpearance, of va*- 

rious degrees of hardnefs, and effervefces 

E z with 
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with acids ; the proportion of mica is various. 
The mqpigno of the Italians is of this fpecies. 
Ftrber^ 1 1 6. The yellow fort is called pietra 
ingia, the hlvie pittra i^olombina^ or tur china. 

Species V. 

C&mpounds cf thf Calcareous and Siliceous 
Species. 

I. Variety, jfiih ^artz. 
I. Calcareous ^artz and Puddingfione. 

This confifts of lumps of quartz, and 
ifometimes felt fpar, in a calcareous cement. 

• 2. Limejlone with Veins of SluartZy Saxum 
Sahlbergenfe. 

Alfo feveral marbles in Sweden and Siberiay 
that ftrike fire with fteel* 

II; Variety. With Lava. 

1. Calcareous Volcanic Puddvngflone^ Cier china. 

In this, lumps of fpar and lava are found 
in a calcareous cementr Ferher Italy ^ n j. 

2. Marble mixed with Veins of black or green 

L ava. Ferber Italy^ 6 7. 

Species VL 
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Species VL 

OmpQundi of Cakareous Earths nmth Species 
of two or more Genercu 

L Variety. 

Calcareous Porphyry. 

This confifts of quartz, felt fpar, and mi-' 
ca^ in feparate grains, united by a calcareous 
cement. 

II. Vaeiety. 

fjmeftone inter fperjed with Shoerland Mica^ 

CHAP. IV. 

Barytic Genus. 

Species L 

Ponderous Earth combined with the Aerial 
jicid^ aerated Barofelenite. 

Dr. Withering prefented me with a very 
pure fpecimen of this fpecies from Alfton 
Moor^ in Cumberland. It much refembles 
alum, but its texture isftriated: its.fpecific 
gravity is 4»33i> though when this com- 
pound is artificial its fpecific gravity is 
only 3»773, according to Mr. Bergman % 
evidently becaufe it contains much water, 
Ej for 
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for 1 00 parts of it contain 65 of pure 
Earth, 28 of water, and 7 of the aerial acid ; 
whereas 100 parts of the native contain about 
20 of aerial acid and 78 of Earth, a little of 
the vitriolic barofelenite, and np water* It 
effervefces with acids. 

The artificial, when calcined, burns to lime, 
which has the properties of pure barofelenite 
already defcribed ; but the natural will not 
burn to lime, for it will not part with it$ 
fixed air, but rather melts, as Dr. Withering 
has difcovercd. He alfo found that cauftic 
alkalis precipitate this Earth, from the nitrqus 
and marine acids, which happens, as I think, 
from their taking up the excefs of ^cid requi-* 
iite to keep it in folution. 

Species II. 
Combined with the vitriolic Acid. 

Barofelenite^ Marmor Metallicum, Cronfi. 182, 
Lapis Bononienfsj Selenitic Spar, Gypfum 
Spc^hofum^ Spathum Fufbile^ Margraf 2, 
Theile, p. 44, Weigel Obferv^ Mineral.^. 65 
and 66. Cawky l^etunje of fame y Ponderous 
Spar^. 

This ftone is of a white, grey,, or yellowilh 
white colour, and fometimes rcddifh \ fome-f- 

times 
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times not harder than chalk, but moftly very 
compa<9:, and of a ftony hardnefs, though 
never fo hard as to give fire with fteel. Its 
texture lamellar or fibrous ; its fhape either, 
amorphous, orbicular, tabular, or criftated, 
that is^ jagged like a cock's comb, or chry-* 
ftalized in polygon prifms : it is alfo found 
opake, femi-tranfparent, or tranfparent ; this 

laft fort is an eleftric perfe. 

* 

Its fpecific gravity is' generally from 4 to 
4,6, though fometimes, as Mr. Wtegleh re- 
<narks) it is not fo great. 1 1 iVirv, Endcck, 

It is infoluble, or nearly fo, in water, as 
well as in acids. 

The harder forts decrepitate in fire ; it does 
not burn to Plafter of Paris as gypfum does ; 
it is infufible /^ryZ* with a blow-pipe, yet Mr. 
£)'-4r^^ found the femi-tranfparent fort fufi- 
ble in a long continued porcelain heat. 22 
Roz. 26 ; probably becaufe it was placed in 
an argillaceous veflel : but it is fufible by the 
help of the mineral alkali, with eflFervefcence, 
and alfo with borax and microcofmic fait, ac-* 
cording to Mr. Bergman. 

It is often mixed with calcareous Earthy 

$ Roz. 222. 13 Moz^ Supplement^ pw 408* 

E4 Mr. 



56 Elements ofMhfirnhgy. 

Mr. Morveau obferves thstt it accompanies, 
the ores of moft metals. Mr. MargraafdXio 
frequently found maflfes of it mixed with 
gypfum^ I Margr. 332. 

The eafiefl: method of diecompofing it, ia 
diat praftifed by Mr, Wolfo and Mr. Wieglebj 
Tiz. by calcining it in a ftrong* red heat for i 
qr 2 hours, with i i or twice its weight of 
fixed alkali ; the neutral fait and fuperfluous 
alkali are then wafhed of, and the Earth is 
found combined with fixed air. Mr. JW^r- 
n)eo3^s method is cheaper. He calcines the 
ponderous fpar with -g- of its weight of char- 
coal for I hour, in a crucible, well luted, and 
^, ftrong red heat : he then diflblves the Earth 
in the acetous acid. The fulphur is thus fe- 
parated. Mem. Dijon^ iyS2. Mr. Margraqf 
decompofed it in the liquid way, by mixing, 
two paf ts of the ftone with one of fixed al- 
kali ; then po wing hot water on it, and keep* 
ing it boiling for fome hours, i Margr. 366. 
The decompofed part, well edulcorated, is 
ibluble in acids. 

This fpecies often forms the ftony matter of 
petrifadions. Mem. Dijm^ 1782. i Semeji. 
p* 163. 

According to Mr. Bergman^ 100 parts of 
it contain 84 of Earth, 13 of the moft conr 

centratcd 
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centrated acid, and 3 of water • 100 parts 
of artificial barofelenite^ contain about 33 of 
vitriolic acid' and water, and 67 of Earth, 

Some fpecies, particularly the red, cbn-» 
tain I or two gr, of iron per cent. 

Species IIL 
Combined with the Sparry Acid. 

This combination has not yet been found 
in nature j that formed by art is nearly info- 
luble in water. 

Species IV. 
ConAined with the Tungften Acid. 

This combination is alfo infoluble in water, 
but it has not as yet been found. 

Species V. 

Mild Barytes intimately mixed with a notable 
Proportion of Silex and Iron. 

I mention this fpecies on the authority of 
Mr. Bindheim. 4 BtrKn Schrift. 397. It is 
infoluble in acids, and of a fparry texture ; 
but, as he fays it becom*es foluble after cal- 
cination with oil, I Ihould be inclined to judge 
it rather a barofelenite. 

Species VI. 
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Species VI. 

Barofelenite mixed with a notable Proportion 
of Si/ex, Mineral Oil and Terrene SaltSy 
JJver Stone f Lapis Hepaticus. 

It's colour is white, grey, yellow, brown, 
or black; it is generally compaft, but nqt fo 
hard as to give fire with fteel j its texture i& 
either equable or laminar, fcaly or fparry^ 
and it takes a polilh as alabafter^ 

It does not effervefce with ^cids. 

When calcined, it is partially reduced to a 
fort of Plaifler of Paris. 

It emits a fmell of hepar fulphuriS| ^ 
leaft when rubbed * 

According to Mr, Bergman^ loo parts of 
it aflFord 33 of barofelenite, 38 of filex, 22 of 
alum, 7 of gypfum, and 5 of mineral oil. The 
increafe proceeds from the water of chryila-* 
lization. 

C H A P. VL 

Muriatic Genus. 

Under this genus I include not only thofc 
Earths and Stones in which magnefia predo- 
ininates^ but alfo thofe in which the filiceous 

geaui 
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^fenxis predominates, if magaefia be, next to 

tKe filic^ous, the moft copious ingredient, and 

the compound poffefTes the charaders of the 

mumtic,- and not thofe of the fiUceou$ 

\genU8# . 

* SPIBCIESL 

Combined with the Aerial Aeid^ and barely 
ifiixed nvifh other Earths^ in an earthy^ 
or femi^induraied Form. 

Pure magnefia has. no where yet been 
found, nor even magnefia, barely combined 
with fixed air, and free from all mixture of 
other Earths. When combined with fixed 
air by art> loo patts of it contain at a medium 
30 gf aerial ?^cid, 48 of mere Earth, and 22 
of water ; but thefe proportions are variable 
within certain limits, ^he fi^ed air being 
found in the proportion of from 35 to 37, 
the Earth from 40 to 48, and the water from 
20 to 30. in general when the proportion of 
fixed air is greate/l, that of water is fmalleftt 
and vice verfa^ ; 

' I. Variety. 
Mixed with Siliceous Earth. 

Spuma Maris^ M^erjhaum of the Germans. 
Keffekill. ' 

This is found In various parts of the world, 
particularly in the Eaft, in veins of moderate 

tbicknefsj 
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thicfcnefs, and is the fubftabce of i;vhich the 
large Turkey tobacco-pipes are formed : it is 
probably found alfo \nJforth America^ h^iv^ 
the fubftance callW in Cana4ay ^^rr€ a ehaltim 
meau. It is of a white or yell^-coipuf; 
foapy feel, and moderately hard. Jt hardens 
eafily in fire without requiring a great heat. 
In the ftate in which we receive it^ that is 
baked, it does not etfervefce with acids,, end 
is difficultly fdluble therein. 

According to Mr. Wiegleb^f analyfis, it 
confifts of equal parts, magnefia and filcx^ 
5 CrelL Nev. Entdeck^ p, 3. 

II. Variety. 

Mixed nvitk Calcareous Earth and Iron^ 

It appears like an olive-coloured, or blue 
clay : the olive*coloured contains no argilla- 
cepus Earth : the blue fort contains moft cal- 
careous Earth, alfo iron, a little argill, and 
petrefaftions. Both are found near Ihion^ 
ville. The former fort is ufcd in pottery, 
13 Roz. p. 60. 

III. Variety. 

Mixed 'with Clay^ TalCf^and Iron* 

This is a greenifli yellow,, loofe Earth, 
of a greafy feel, found in Silejia. It con- 
tains. 
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tains 4- of its weight of magnefia* • Mar-^ 
graaf'i 2 IbeiL p. i8. 

Species IL 

Combined 'with Aerial Acid, ahove four timesi 
its weight of Silexy and afmaller propor^^ 
turn of ArgtlL 

I. Variety. 
Steatites. 

This is always of a green or greenifh co- 
lour, and fo foft as to be fcraped by the nail ; 
of a foft foapy feel : its texture undiftinguifh- 
able; its fpecific gravity from 2,433 '^ 2,78. 
It is not^eafily difFufible in water, nor ren- 
dered duftile by mixture with it. 

It does not efFervefce with acids, and is 
very flowly and only partially foluble in the 
three mineral acids. 

In fire it hardens, but is infufible per fe^ 
and becomes whiter. It is imperfeftly melt- 
ed by mineral alkali and inicrocofmic fait, 
but more perfedly by bora^. It is iapt to 
corrode the crucibles. 

According 
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- Aecerding io Mr. BergmarCs analyfis, idd 
parts of it contain 8a of filex, 17 of mild 
magnefia, 2 of argill, and nearly i of iron 
in a femiphlogiftitated Aate^ 

*, . • . • 

11. Variety. 

Soap-rock, Lapis OUarisy Pot-ftone^ Speckjlein 
of the Germans^ Spani/h Chalk. 2 Margr* 
14. 

This is of a yellow colour, and fometimes 
whitifh, and but rarely black: it is alfo 
fomewhat harder than the former variety, 
and probably the proportion of argill is 
ifomejvhat greater, but in other refpedts it 
perfedly refembles it. The black contains 
a mineral oiK 

This ftone is eafily worked and turned, in- 
fomuch that pots and mortars are often made 
of it. 

Mr, Gerhard remarks, that the Swedifh 
fpeckjlein often effervefces with acids, and 
contains calcareous Earth, but that of Saxony 
and Silefia never. The Hmeftone is merely 
an accidental 'mixture. 4 Berlin^ Schrifij^ 
300. 

Species HI. 
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Species III. 

Mild Magnefia combined with Silexy Calcareous 
Earth, and a fmall proportion of Argill and 
iron. 

I. Variety. 
Bibrous AJheJiosy jilumen Plumofum. 

The colour of this ftone is genet* ally green- 
ifli, and it confifts of filaments feither parallel 
to, or interwoven with each other. It is 
rough to the toiich, and brittle and uneven in 
its fradture, hence it does not ftrike fire with 
fteel. Its fpecific gravity is from 2,5 to 2,8. 

It does not efi^ervefce with acids, and is fo- 
luble in them but partially, and by particular 
management. 

When fufficiently heated, it becomes fome- 
what whiter and more brittle, but is infufible 
per fe by the blow- pipe, unlefs it contains a 
notable proportion of calx of iron. It is 
difiicultly fufible with mineral alkali, more 
cafily with borax and microcofmic fait, and 
witK fcarce any efi^ervefcence. It is never 
tranf](Jarent, and in that refpedt, and in the 
unevenefe of their fradure only, fome forts 

of 
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of martial afbeftos differ in external appear- 
ance from fome forts x)f fhoerh 

According to Mr. Bergman^ this variety 
contains from ^7, to 74 parts of filex, from 
12 to 28 of mild magnefia, from 7 to 14 of 
mild calcareous Earth, from 2 to 6 of argill, 
and from i to 10 of iron per cent. 100 parts 
martial aibeftos contain 62 of filex, 13,7 of 
magnefia, 12 of calcareous Earth, 1,7 of 
argili, and 10,6 of iron ; yet it gives in fufion 
a white flagg. 

IL Variety. 

Coriaceous Ajbeftos^ Suber Montanum^ Aluta 
Montana^ Mountain Cork^ Leathery d^^. 

This fort of afbeftos refembles in texture 
thofe fubftances from which it borrows thefe 
fanciful appellations. It is eafily diftinguiihed 
by its elafticity and lightnefs, for it floats a 
long time on water. In other refpefts it re- 
lembles the former fpecies, except that its 
colour is either white, yellow, brown, green^ 
or black. 

ICO parts of it contain from ^6 to $2 of 
filex, from 22 to 26 of mild magnefia, from 
10 to 12 of mild calcareous Earth, from 2 
to 2,8 of argili, an^J about 3 of iron. 

Species IV. 
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Species IV* 

Mid Magnejia cotnlined with Sikof^ mild CaU 
cafeous Earth, Barytesj Ar^Hi and Iron^ 

Amianthus^ 

In ftruftfare this fpccies refembles the firft 
variety of the foregoing ; confifting of long 
parallel fibres, in foxne degree flexible, and 
foft to the touch. The furface of its frac- 
ture is alfo uneven. Its colour, white, grey, 
greenifh or reddifh : its fpccilic gravity 2,913V 

It dpes not effervefce with acids, and is 
difficultly, and but partially foluble therein. 

It is fufible perfi in a ftrong heat, and alfo 
ivith borax, microcofmic fait, and mineral 
alkali, with efFervefcence. In fufion it agaia 
chryftalizes in filaments, but in a ftill ftronger 
heat it forms a green glafs, which corrodes 
the crucibles, as Mr, Saujfure has obferved. 

too parts of the Amianthus of Tarentaife 
examined by Mr. Bergman^ afforded him 6jj^ 
of filex, 1 8^ of magnefia, 6,9 of cakareow 
Earth, 6 of barytes, 2>3 ^^ argill, and i,a 
of iron, 

F Species V. 
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Species V. 

JPure Magnejia combined with fomething more 
than its oivn iBeight of Silex, about |- of 
its ijheight of argill^ nearly \ of its iveight 
of water f and about i or z tenths of its 
weight of Iron.^ 

Serpentine^ Lapis Nephriticus^ Gabro of the 
Italians. 

In refpc(9: to colour, as well as compofition, 
this ftone is fufceptible of great variety, for it 
is found either white, green, brown, reddifh 
■brown, yellow, light blue, black, fpotted, or 
ftreaked with veins of different colours. Its 
texture is either indiftincSt, obfcurely laminar, 
or fibrous. It is harder than foap-rock, but 
not fo hard as to give fire with fleel, and lefs 
fmooth to the touch, but fufceptible of a good 
polifh, looks like marble, and is often in thin 
pieces femi-tranfparent. 

Its fpecific gravity is from 2,4 to 2,65. 

It does not eflFervefce with acids, but is 
flowly and partially foluble in them. 

It mf\K.%per fe in a flrong heat, and preys 
on the crucibles. Vogel^ 103. In a lower de- 
gree of heat it hardens* 

According 
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According to the analyfis of Mr. Bayen^ loo 
parts of it contain about 41 of (ilex, (which 
he take^ rather to be mica) 35 of magnefia, 
10 of afgill, 12 of water, and about 3 of 
iron. The ferpentinc of G)rfica contains a 
larger proportion of argill and a fmaller of 
filex. 

The greener forts of this ftonc have been 
called nephritic. 

Species VL 

Pure Magnejia intimately mixed nvith nearly 
tijuice its nveight of Silex, and lefs than its 
own "weight of Argill. 

Venetian Talc. 

Its colour is white, grey, yellowifh, or 
greenifli : it is foft and foapy to the touch, 
and in thin pieces femi-tranfparent : it is 
compofed of very thin laminse difpofed in a 
laminar or filamentous form, much tenderer 
and more brittle than thofe of mica, but like 
this it has a metallic luftre : its hardnefs id 
fo inconfiderable that it may be fcratched with 
the nail : its fpecific gravity is 2,729. 

It does not efFervefce with acids, and isfb- 
luble therein very difficultly by particular ma- 
nagement, and only in part. 

F2 Itt 
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In fire it becomes more brittle and whiter, 
|>ut is infufible perfe by the blow-pipe, and 
fcarcely fufible by fixed alkalis, but more 
rompletely, and with little effervefcence, by 
borax or microcofmic ialt. 

This talc contains fomething lefs than 50 
per cent, of (ilex, and about 2 percent, of iron. 
The magnefia is in fmaller quantity, but it 
exceeds the argill ; the exad proportion I 
have not found* 

Mufcovy talc confifts of broad, elaftic^ 
^exible, tranfparent leaves, and differs exter- 
nally from mica only in being fofter and more 
foapy to the touch* 

Species Vll. 
Combined nvitb the Sparry AciJ. 

This combination is fcarcely foluble in wa- 
ter, but has not yet been difcovered in 
nature* 

Species VIII. 
Cmhined nvkh the Tungfien Acid. 

This compound when artificial is aMb info- 
lublc, but has not as yet been obferved native. 

Compound. 
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Compound Species in which the AbfruUif Oenus 
predominates. 

Sl^ECIES I. 

Compounds of the different Jimple Muriatic 
Species nvith each other. 

I. Variety. 

I. Steatites mixed witji Talc, Crate de 
Brianfon. It is generally grey, yellow, or 
greenifh: it feems more argiUaceoui than 
pure fleatitts, and contains more iron. Mf» 
D'Arcet found it fufible in a porcelain heat, 

JL VARipTf* 

1. Serpentine mixed with veins ox fpots 
of green Steatites, 

2. Red Serpentine mised witb T«ii)S of 
Aflbeftos. 

S^PEClES IL 

Cofnpounds cf the Muriatic and Calcarcoui 
Species^ 

I , Rod, g-reen, yelbw, ot black Ser peotinCs 

with veins or fpots of white Calcareous Spar 

Potzevera. The black is called Nero dipratoi 

F3 thp 
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ijthc green Ferde di Suza ; but thefc names are 
not retrained to this fpecies. 

2. Serpentine with veins or fpots of Gyp- 
fum. 
♦ 

Species III. 

Compounds qf the Muriatic and Barytic 
Specieu 

I. Variety, 

Serpentine with veins or fpots of barofele* 
liitc. 

Species IV, 

Compounds of the Muriatic and Jrgillaceoui 
- Species. 

!• Variety. 

it. Steatites mixed with a notable propor* 
tton of indurated Clay. It is lefs foft to the 
touch, and fomething harder than the pure 
fteatites : its colour is grey or greenifh brown : 
it frequently contains alfo mica or talc, an4 
fometimes a notable proportion of iron, and 
then it is red. The talcofe is frequently cal- 
led French chalk, or Craie de Brian f on. 

a, Stwtite«, 
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2. Steatites mixed with Shiftus, or bitu- 
minous Shiftus. This is blue or black, and 
rougher to the touch than pure ftcatites. 

3 Serpentine mixed with veins or fpots of 
Shiftus. 

4. Soap-rock mixed with Mica. Crwfi, 
§ 265. Grey, yellow, or greenifc. 

Species V. 
Compounds of the Muriatic and SiUceous Species, 

1. Serpentine with veins of Qfiartx Or 
Feltfpar, or Shoerl. 

CHAP. VII. 

Argillaceous Genus. 

Species L 
Saturated with Aerial Acid. 

Lac LntKt. 

This fanciful name was heretofore thought 
to* denote a very fine fpecies of calcareous 
Earth, but Mr. Scbreber has lately fliewn 
that the Earth to which this name is given, 
is a very uncommon fpecies of argil I. It 
is generally found in fmaU cakes of the 
i E 4 hardnefii 
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hardneft of chalk, &tid like that, it t&arks 
v#hite ; iti hardi^eft is^4afly as that of ftei-* 
tites, and does not feel as f^t aa commofi clay 
does ; its fpecific gravity is 1,669 : its colour 
it ftiow white. Wheti examined with a mi-^ 
crofcope, it is found to confift of fmall tran- 
(parent cryftals ; and by his experiments it 
pltittly appears tt^ be an lirgill faturated wirh 
fixed air. It efFerVefeeg with acids, and con-^ 
tains a very fmall proportion of calcareous 
Ear.th, and rometime* of gypfum, and fome 
feeble traces of iron. It is found near Halks,, 
J 5 Naturforjch. zqg. 

Species II. 

Combined but not faturated wth Aerial jicidy 

in a loofe or ftMi-indUmted form^ and mixed 

nvithfine ^artz or Silex in ^various propor^ 

tionSf a /man quantity of Water ^ md gene- 

' rally of Iron. 

Clay^ Greta (^ the Italians^ 

This fpecies receives a number of different 
denominations, arifing from its hardnefs, fu- 
fjbility or infufibility, or the djfFerent ufes it 
is applied to, or relative to its colour, or origin; 
fuch as ftone clay or lithomarga, fufible or 
apyrou€ clay, marl, Fuller's earth, pipe clay, 
kaolin, brick clay, umber, coloured clays^ 
bolesi pou^zoUna, terras, tripoli| &c« AU 

clays 
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clays arc more or lefs eafily diflFufible in wa- 
ter, which they iTibibe with more or lefs avi- 
dity, according to their previous compaftnefs, 
ind if they contain much air they froth with 
water^ bur ft and fall to pieces : wheii they 
have imbibed it they are more or lefs duftil 
and vicid, according as the fan^ they are mixed 
with is more or lefs fine. They contract in 
drying, and crack , when heated, they con* 
traft ftill more, and harden to fuch a degree 
as to give fire with fteel. They do not effer- 
vefce with acids, unlefs they contain magnefia 
or calcareous Earth. The finer clays have 
A fmooth, and in lome meafure, a foapy feeL 

Thefe are the properties of pure argilla** 
ceous Earths ; yet moft clays contain but from 
3^5 to 48 per cent, of this Earthy the remain- 
der confifts of fine filiceous Earth, and a little 
water. On the fubtility and purity of the fili- 
ceous part, the finenefs of clay principally 
depend* 

Many days contain a Iktle volatile alkali, 
imd ibmc tfee vitriolic acid 5 probably this lat- 
ter is tmited to thfe argill in the ftate of em- 
feryon aHum. that is, ift fuclh proportion as 
IttOt to render it folubk in water. Moft of 
^m contain atf^ a fmall proportion of iron. 
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Fuftble Clays. 

All clays, whichj befides argillaceous and 
iiliceous Earths^ contain a mixture of calca- 
reous or muriatic Earths, or gypfum, or.fluor, 
or felt ipar, or iron, are more or lefs fufible> 
according to the proportion of thefc foreign. 
ingredientSt 

Apyrous Clays. 

Clays that confift of argillaceous and fili- 
ceous Earths fmgly, without any mixture of 
iron or other metallic fubftance, or at leaft 
only in an inconfiderable proportion, are in- 
fufibl . Such is that found near Plombierc. 
Mem. Par. 1778, p. 433* 

Argillaceous Marl. 

Any clay that contains from 20 to 5© per 
cent, of mild calcareous Earth, comes under 
this denomination. It differs prodigioufly ia 
point of hardnels and colour : the hardeft is 
CdXlcd hthomargay or Oone marl. The beft 
for agriculture is the grey or white ; the co- 
loured generally contain metallic particles : 
when it contains 20 or 30 per cent, of calca«» 
reous Earth it is fufible perje. The coloured 
marki as they contain more iroU} are ftill 

mor<i 
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fiK>re fufible. This fpecies of marl falls to 
pieces more difficultly) either in water or air^ 
than calcareous marl. 

Indurated marls^ of a quadrangular fornif 
have been called Ludi helmontii. 

Fuller's Earth. 

This is moftly of a white, grey, bluifli, or 
yellowifh colour, compact, femi-indurated> 
of a lamellar texture, and often conchoidal in 
its frafture ; confifting of very fine particles^ 
fmooth and fomewhat foapy to the tbuch : it 
burfts and is difFufible in water, with which 
it often froths like foap ; it does not effervefce 
with acids ; in a ftrong heat it melts into a 
flag. Microcofinic fait aflFeds it but flight* 
Jy ; mineral alkali more powerfully, and with 
much efFervefcence, but borax melts it moft 
completely. 

Different fpecimens of it, from various 
countries, afforded Mr. Bergman from 47 
to 60 of filiceous Earth, from 1 1 to 25 of ar- 
gillaceous, from i to 6 parts of magnefia> 
from 3 to 7 of mild calcareous Earth, from 
3 to 5,5 of dephlogifticated iron, and from 
15 to J 8 of water, mixed with a very minute 
{>roportion of marine acid ; but this lafl: wa$ 
found only in a few Qf them. Its fulling 
. power 
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power arifes from the property of clay \o iM^ 
forb oils, the fineneft of its particles, iVhich 
do not injure the cloth, and its eafy difFufi- 
bility in water, which renders it capable of 
being wafhed off. 

Terra lemma is a yellowiflx or flefh- colour- 
ed clay of this fort. 

Pipe day. 

Any moderately pure and fine white clay^i 
which retains its colour in fire, is diftinguifh- 
ed by this appellation. That of Colagne is 
the pureft, and is infufible in the ftrongeft 
heat. Many of thefe clays become grey in a 
weak degree of beat, becaufe the mineral oil 
with which they are mixed burns to a coalj^ 
biit in a ftronger heat they ag^in become, 
whit^, this coal being confumed. 

Porcelain Earthy or Kaolin. 

This differs from the former chiefly in tht 
finenefs or fubtility of the filiceous ingredient* 
It fometimes effervefces with acids, either be-^ 
caufe it contains cryftalized argill, or mag-* 
nefia, or calcareous Earth : it alfo abounds ia 
tako^e particles. It never contains any oily 
teatter, and therefore retains it§ colour iq^ 
every degree of heat,^ 

Brick 
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Brki Clay. 

Its colour is various, reddifh, bluifh, or 
yellowifh : it always contains iron, and melts 
into a flag. The bcft fort contains little or 
none of calcareous Earth, but a good deal of 
a coarjTe iiliceous fand. 

Coloured Clays. 

TelloWy red^ and brown clays contain moft 
iron, fometimes difperfed through them, and 
fometimes united to the filiceous part : in this 
cafe they are more diflficultly fufible. The 
yellow calx of iron is more dephlogifticated 
than the red, and the red more fo than the 
brown. When thefe clays contain about 14 
or 15 per dent, of ironi they become mag- 
netic after calcination. 

V 

Red chalk i Rubncafabrills, is, according to 
Mr. Rinman^ either a clay intermixed with 
the red calx of iron, which hardens in fire, 
and then becomes magnetic and browner, and 
in a ftronger heat melts into a black glafs, and 
contains from 1 6 to 18 per cent, of iron, (but 
fometimes it contains but 7 or 8 per cent, of 
iron, and then does not become magnetic by 
roafting) or it is an impure fteatites, mixed 
with clay and calx of iron. Hijioria Ferris 

% 18^ 

Blue 
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Blue Clays. 

Thefc fomctimeslofe their colour and become 
white when heated, and confequently contain 
but little of iron, but owe their culour to an 
oily matter^ which is diffipated by heat j others 
owe their colour, according to Mr. Monnetf 
to a mixture of pyrites. Miner alogie, p. 339. 
Mr. Beaumi fays, that blue clays contain the 
vitriolic acid, but he probably found it only 
in the pyritical clays, for in other forts Mr. 
Woulfe could difcover none. PhiL Tranf. 
X779, p. 20. Mr. Bergman found fome which 
contained copper and a little of cobolt. Rin^ 
man mentions a blue lithomarga, which con- 
tained 13 per cent, of iron, 4 of lead, and fomc 
veftiges of zinc. Hift. Ferri^ § 201, p. 712. 

Umber. 

A brown or blackifh fubftance, which ftains 
the fingers, and is very light; it has long been 
taken for a clay, but Mr. Hup/ch, Mem. Ber^ 
liny 1777* has difcovered it to confift of par- 
ticles ot decayed wood, mixed with bitumen ; 
yet it is certain that this name hath alfo been 
given to a fort of brown ochre, of the fame 
colour, which becomes red when (lightly heat- 
ed, but in a flronger heat is again brown and 
magnetic, and in a ftill ftronger melt^ into a 
black glafs. It does not effervefce wi A acids 
^ • before 
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before roafting^ but after that the martial part 
isfoluble* 

Green Clays. 

Some forts are faid to redden in fire, and 
iu>ntain iron. Mr. Bergman has found fomc 
which contain copper and cobalt ; to feparate 
which he precipitated the copper by iron, and 
digefled the refiduum in diftilled vinegan 
Other forts are faid to contain nickel. 

Blaek Clays. 
Thefe are faid to be bituminous. x 

Variegated. 

The moft remarkable of this fpecies is the 
^Terra miraculofa Saxonite^ which is a beautiful 
indurated clay, of a purplifh colour, with 
white, yellow, red, or brown veins or dots. 

Bole. 

Is a term of uncertain fignificatioh, and 
fhould therefore be baniflied. Some beftow 
this name on very fmooth compafl: clays, con- 
fitting of the fineft particles : others require 
befides, that their colour fhould be red, yel- 
low, or brown, and that they fliould contain 
iron. The red generally blacken in fire, ? 

Bergm. 
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Bergm. 4,j6> yet do not become mtgneticf^ 
Rinman, § 1 89. The yellow, when heated^ 
become firft red, and in a ftrong heat, bro\ivn 
or black. Calamita hianca of the Italians is a. 
white bole, ftriated like afbeftos, Ferber^ 
It ally ^ \2%. Terra figiliata rubra contains 
calcareous Earth, and becomes magnetic afti^ 
torrefadlion. Rinman^ § 189* 

Of Volcanic Origin. 

Pouzzolana. 

This is of a grey, brown, yellowifh, or 
blackifli colour, loofe, granular, or dufty^ 
and rough, porous and fpungy, refembling a 
clay hardened in fire and then reduced to a 
grofs powder. It contains, mixed with it, 
various heterogenous fubftances : its fpecific 
gravity is from 2,5 to 2,8, and it is in fome 
degree magnetic : it fcarcely effervefces with 
acids, though partially foluble in them : it 
melts tdSiXyperfe : but its mod diftinguifhing 
property is, that it hardens very fuddenly 
when mixed with -J- of its weight of lime and 
water, and forms a cement, which is more 
durable in water than any other. According 
to Mr, Bergmans analyfis, 100 parts of it 
contain from 55 to 60 of filiceous £arth> 19 
or 20 of argillaceous, 5 or 6 of' cakareous, 
and from 15 to 20 of iron. 3 Bergm. ig^n 
It; is evidently a martial argillaceous marl 

that 
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that has fufFered a moderate heat. Ifs harden- 
ing power arifes froin the dry (late of the 
half-baked argillaceous particles, which makes 
them imbibe water very rapidly, and thus ac- 
celerates the defication of the calcareous 
p^rt ; and alfo from the quantity and femi- 
phlogifticated ftate of the iron contained in 
it. It is found not only in Italy but alfo in 
France^ in the provinces of Auvergne and 
Limoges^ and alfo in England^ and elfewhere, 

Traqfsj or Tfrras. 

This differs but little in its principles from 
pouzzolana, but is much more compad: and 
harder, porous and fpungy. It is generally 
of a whitifh yellow colour, and contains more 
heterogenous particles, as fpar, quartz, fhoerl, 
&c. and fomething more of calcareous Earth : 
it effervefces with acids, h magnetic, and fu* 
fible perfe. When pulverized, it ferves as a 
cement, like pouzzolana. It is found in Ger-» 
many and Siveden. 

Tufa. 

Volcanic aflies concreted with various other 
fpecies of ftone, but in which argill predo- 
minates, forms the ftone thus called : it is 
harder than traafs, but ftill porous and 
fpungy. 

G White 
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White Volcanic Earth. 

That of Solfatera^ examined by Mri Berg^ 
inan^ was found to confift chiefly of (ilex, 
mixed with about 4 per cent, of argill, and 
8 per centt'of allum, 3 Bergm. 198. 

Tripoli. ^ 

Its tolour is either white, grey, yellow, 
reddifli, or brown, either indurated and brit- 
tle, or loofe, powdery, and rough ^: it does 
not foften in water, nor effervefte with acids. 
According to Mr- UArcet^ it is vitrifiable/>^r 
7^ in a porcelain heat long continued ; and ac- 
cording to Mr. Bergman^ it yields to borax 
and microcofmic fait, but fcarcely to fixed al- 
kali. 

Mr. Haafe^ who has lately analyfed it, 
found 100 parts of it to contain 90 of filiceous 
Earth, 7 of argill, and 3 of iron; but the 
red fort probably contains more iron. Ac- 
cording to Mv. Gerhardy, magnefia has fome- 
times been cxtraded from it. 

It is evidently a volcanic produdt ; for a 
coal mine near St. EJiienne having accidentally 
taken fire, and the fire in its progrefs having 
extended to fome ftrata of fliiftus and bitumen, 
tripOli was found in thofe parts of the ftrata 

that 
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that the fire had aded upon, but not in any 
other. Mem. Par. 1769, p. 276* 

The rotten Jione of Derbyjhire is, according 
to Mr. Ferber^ a tripoU mixed with calcareous 
Earth. 

Species III. 

Barely faturated ivith Vitriolic Acid. 

Emhryon Allum. 

This fpecies was firft difcovered by Mr« 
J^aume 'j it forms fmall fcaly chryftals like 
mica, which require 1450 times their weight 
of water to diflblve.them in the temperature 
of 60? It is no where found fingle, but ge- 
nerally mixed with clays, from which it may 
be feparated by boiling, and diflblved in water, 
to which it gives an earthy tafte, and is fepa- 
rable by the afFufion of lime water, which 
precipitates the argilh 

Species IV. 
Barely faturated nvith Marine Acid. 

Emhryon Marine Allum^ 

As a folution of marine alum, completely 
faturated with argill, forms alfo a very diffi- 

G 2 cultly 
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cultly folublc compound, and as many clays 
arc found to contain the marine acid, it is 
proJ>able that this fpecies exifts in them, 
though it hath not yet been noticed. 

In ajlony Form. 

Under this head I comprehend all thofc 
ftones which, although the filiceous genus pre- 
dominates in their compofition, and the argil- 
laceous, with refpe£t to quantity, obtains only 
the fecond place, yet do not poffefs the cha- 
racter of filiceous ftones, as they do not ftrike 
fire with fteel ; and on the contrary, I exclude 
thofe which poffefs the charafters of filiceous 
Earths, though they contain the argillaceous 
in greater quantity. 

Species V. 

Jrgill combined with 1,36 its weight ofSilex^ 
0,7 of its weight of pure Magnefia^ ando,^ 
of its weigh f of highly dephlogijlicated Iron. 

Pure Mica. > 

This ftone, in its pureftftate, is colourlefs ; 
but either from a lefs intimate combination, 
or from a mixture of fome fuperfluous ingre- 
dient, principally iron, it is found of diffe- 
rent colours, white, red, yellow, green, 
brown, or black, ^the white and yellow fort 

have 
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have a fplendid metallic appearance) fmooth^ 
but not greafy to the touch, which diflin- 
guifhes it from talc. Its texture is always 
lamellar or fcaly» and the lamellae, or fcales, 
are flightly flexible and often elaftic ; thefe 
fcales are fometimes parallel to each other, 
fometimes interwoven, fometimes wavy, or 
undulated, and fometimes they reprefent fila- 
ments. Its fpecific gravity is from 2,535, to 
^,0Q0 when loaded with iron. 

It does not effervefce with acids, and is in- 
foluble in them without particular manage- 
ment, but after it has been calcined with 4 
times its weight of fixed alkali, it efFervefces 
llrongly, and is in great meafure foluble. 

The pure colourlefs mica is infufible perje^ 
^nd fcarcely melts even with mineral alkali, 
but yields more readily to borax or microcof- 
mic fait, with firarce any efferyefcence ; but 
the coloured forts were foun^ by Mr. Saujfure 
to be fufible per fe^ though with difficulty, 
for they require ^ Uronjer Jieat tl^an J[ioeyl 
does. 

xoo parts of the colourlefe kiijd contain 
38 of filex, 28 of argill, 20 of magnefia^ 
and 14 of the moft dephlogifticated calx 
of iron. Martial mica contains befides, 
10 or 12 per cenj. of a more phlogifticate4 
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calx of iron, from whence its various colours 
are derived, and a proportionably fmaller 
quantity of the other ingredients- 

jirgillaceotis Vijfile Stones. 

Thefe and many other of different genera, 
have been comprehended under the denomi- 
nation of Schiftu but to avoid ambiguity, I 
think it expedient to confine this napie to 
ftones of the argillaceous genus. 

Species VI. 
Roof Slate, Shijlus Tegularis. 

Of this fpecles there are many varieties, 
none of which have been hitherto analyfed, 
except the bluifh purple flate chiefly ufed here, 
which I have lately examined, and to which, 
as to a ftandard^ I fliall refer the other forts. 

I. Variety. 

Argill intimately mixed nvith 1,77 of its 
weight of Siliceous Earth, 0,3 of its ^weight 
of Magnefta^ 0,15 of Calcareous Earth, both 
flight ly aerated, and nearly 0,54 of its 
nvtight of Iron, befdes a flight admio^ture of 
Mineral Oil. 

Bluifh Purple Slate, 

It does not ftrike fire with fteel, and may 
be flightly fcraped with the nail : it is very 

brittle, 
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brittle, and of a lam::llar texture : its fpccific 
gravity is 2,876 : when in pieces of I of an 
inch thick, or lefs, it gives a clear found if 
ftruck : its grain is moderately fine : it is 
never tranfparent : it flightly effervefces with 
acids when reduced to powder, otherwife not ? 
when heated red, it lofes fomething more 
than 2 per cent, of its weight, flightly 
detonnates with nitre, and then aflumes a 
brownifh red colour, but calcination does not 
render it magnetic : in a ftronger heat it is 
fufible per je^ and forms a black fcoria : it is 
difficultly difTolved by mineral alkali in the dry 
way, more ealily by borax, though with lit- 
le effervefcence, and alfo by microcofmic fall 
with fome effervefcence. Mr. Gerhard re- 
marks, that it melts with equal ^afe in chalk 
or clay veiTels. 

Dephlogifticated fpirit of nitre, after fland- 
ing on it two months in cold, afTumes a green 
colour, 

I found 1 00 gr. of it to contain about j^(> 
of filex, 26 of argrll, 8 of magnefia, 4 of 
calcareous Earth, and 14 of iron. Part of 
the iron feems to be in a phlogifticated flate, 
from its union with the oil, and part in a 
dephlogifticated flate, or that of a red calx. 
This is united to the argillaceous part and 
fjley, and i§ very difficultly feparated. 

G4 Ht VARIETlCi 



88 Elements of Mineralogy. 

11. Variety. 
jPale^ Jlightly Purple^ or bluijh Shijius. 

This ftone is harder than the foregoing, 
ks laminae thicker, and its texture coarfer ; it 
feems to contain a larger proportion of the 
iiliceous and a fmaller of the martial ingrer 
dient. 

til. Variety. 

Blue Shiftiis. 

The proportion of the earthy ingredients 
being the fame as in the firft variety, that of 
the martial ingredient feems to be fmaller. 

Other ftones are alfo ufed for covering 
houfes in various countries, but they are 
eafily diftinguilhed; as their laminae are much 
thicker, their furface more uneven, and their 
texture coarfer. They chiefly belong to the 
clafs of fand-ftoncs, or to the calcareous 
genus ♦ 

IV. Variety. 
Dark Blue Slate^ ShiJlus Scriptorius. 

It efFervefces more brifkly with acids, and 
(eems to contain more magnefiai ^nd lefs iron^ 

than 
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than the firft variety : its fpecific gravity is 

Species VIL 

Argillaceous Earth mixed ivith a variable 
Proportion of Pyrites^ with a little Mag^ 
nefia and Calcareous Earth. 

Pyritaceous Shiftus. 

Its colour is grey> brown, blue, or black : 
it is more or lefs decompofable by expofure to 
the air, according to the quantity of the py- 
ritous ingredient and the ftate of the iron in 
the pyrites ; if the iron be in a femiphlogifti* 
jcated ftate it is eafily decompofed, but if the 
palx of iron be already much dephlogifticatedt 
it will be decompofed but flowly, if at all. 
Aluminous fcbift us \h of this fpecies, but will 
mOre properly be mentioned in treating of 
^lum. 

Species VIII. 

^late^ or Pyritaceous Shi/lus^ intimately mixed 
'with a notable Proportion of Mineral Oil or 
Bitumen. 

Bituminous Schiftus. 

It is generally black, of a lamellar texture, 
pf different degrees of hardnefs, but never 

gives 
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gives fire with fteel ; it emits a ftrong fmell 
when heated, and fometlmes without hcat^ 
does not ibew white when fcraped. 

Species IX. 

^jirgill mixed with from ^ to ^ tenths of its 
nveight of Silex^ and a little of the yellouu qr 
red Calx of Iron. 

I. Variety. 
Argillaceous Shiftus^ Flag ft one. 

This is of a grey, yellowifh, or reddifh 
white colour ; does not give fire with fteel, 
nor effervefce with acids : its fpecific gravity 
is from 2,6 to 2,78 : it is in fome places ufed 
for covering of hoiifes, but moftly for floor- 
ing : it is fometimes compadt, and fometimes 
Tandy, like the next variety, and then its fpe- 
cific gravity is fmaller, 

II. Variety, 
Argillaceous Grlt^ Free-ftpne, or Sand f tone. 

It is called free-ftone becaufe it may be cut 
eafily in all diredions : its texture is more 
or lefs po'ous, equable and rough to the 
touch : it exhales an earthy fmell when frefh 
broken and breathed upon : it does not give 
fire with fteel, nor effervefce with acids. 

That 
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That from Hollington^ near Utoxeter^ is of a 
whitifh or yellowifh grey, and its fpccific 
gravity 2,288, That from Kniperjly^ in Staf^ 
fordjhire^ is of a bluifh grey, and fo infufiblc 
as to be ufed for a firc-ftone : its fpecific gra- 
vity is 2,j68. 

Species X. 

Jrgtllaceous Earth intimately mixed with 1,7 
of its weight of Silex, about 0,7 of its 
weight of mild Magnefa^ 0,09 of its weight 
of mild Calcareous Earthy and about its own 
weight of femiphlogifticated Calx of Iron^ 

Horn-ftone^ Hornblende of Cronfted^ and TaU 
cum "Striatum of Rinman^ Mem. Stockh. 1754* 

Tke general characters of this ftone, be- 
fides a partial folubility (though without ef- 
fervefcence) in acids, and a hardnefs never- 
fufficient to ftrike fire with fteel, properties 
which are common to it with the former fpe- 
cies,) are i^^* a fpecific gravity never lefs than 
2,66, and frequently rifing to 3,88. 2^* a 
ftrong earthy fmell which it exhales on being 
breathed upon, or having hot water poured 
on it : ^^' a toughnefs or vifcidity perceived 
in poun4ing it in a mortar, like mica or horn, 
from whence it derived its name: 4^^* its af- 
fording a greenifh grey powder when pound- 
ed : 
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ed ; ^^' fufibility per fe^ as it is faid, though 
I could not melt it with the blow*pipe% It U 
frequently mixed with pyrites* 

I. Variety* 

^ Black H^rn-Jioney Corneus Nttens WnUeVp, 
Sp. 169. 

Its texture is lamellar or granular ; the for-» 
mer is fometimes fo foft as to be fcraped with 
the nail ; its furface frequently as glofly as if 
it had been greafed : its fpecific gravity is from 
3,&to 3,88; it poflefTes befifdes all the fpecific' 
properties above-mentioned in a high degree : 
it does not detonate with nitre : it becomes 
of a fnuflF colour when heated, ftnd then 
flightly efFervefces with diluted nitrous acid : 
its folution in this acid is of a greenifli colour. 

In order to difcover the principle on which 
its fmell depends, I boiled its powder in wa- 
ter, but did not 6nd the water altered in tafte, 
nor did any teft I applied fliew any change 
in it. 

I found 100 gr. of the lamellar fort to con- 
tain 37 of filex, 22 of argill, 16 of magne-^ 
lia, 2 of calcareous Earth, (both in a mild 
ftate) and 23 of calx of iron, not much de- 
phlogifticated. 

Jl. VARIETTt 
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II. Variety. 
Greenijh Grey Horn-Jlone. 

This is of a granular texture, or ftriated ; 
the fpecific gravity of the pureft fpecimen I 
examined is 2,683 : it is not fo foft as the 
fofteft of the former variety. 

I fufpe(fji the common pale greenifli grey 
whetftone to be of this fpecies : it is of a 
clofe granular texture, exhales an earthy 
fmell, affords a greenifh powder, does not 
effervefce w^ith acids, nor give fire with ftecl; 
its fpecific gravity is 2,664; ^^ contains 65 
per cenL of filex. 

III. Variety. 

Killas. 

This ftone is chiefly found in Cornivalh, 
its colour is pale grey or greenifh grey ; its 
texture either lamellar or coarfely granular : 
the lamellar is fofter and lefs martial than the 
roof fhiftus : its fpecific gravity from 2,63 to 
2,666. , 

I found 100 grains of the lamellar fort to 
contain about 60 of filex, 25 of argill, 9 of 

magnefia, 
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magnefia, and 6 of iron. The greenlfii fort 
contains more iron and gives a greenifh colour 
to the nitrous acid. 

Species XL 

Argillaceom Earth intimately mixed with 4 
times itsijoeight of Siliceous^ f its weight 
of pure Calcareous 9 and fomething more than 
its weight of Iron, 

Toad-Jione. 

Dr. Withering^ who has given us an -ana- 
lyfis of this ftone, defcribes it as being of a 
dark brownifli grey colour, of a granular 
texture, not giving fire with fteel, nor 
efFervefcing with acids : it has cavities filled 
with chryftalized fpar : it is fufible per fe 
in a ftrong heat. Phil. Tranf. 1782,^ p. 

333- 

100 parts of it contain 63 of filiceous 
Earth, 14 of argillaceous, 7 of calcareous, 
and 1 6 of dephlogifticated iron : it differs 
but little from bafaltes ; it is fofterr contains 
a fmaller proportion of iron, and a larger of 
filex. 

Species XII. 
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Species XII. 

ArgUl united to 2,3, or 8 times its weight of 
Silexy about half its 'weigh t of pure Calca^ 
reous Earthy and from once to tivice its 
^weight of Water, ^without any Iron, except 
cccidentally. • 

Zeolyte. 

This ftone is found of different degrees of 
tranfparency, or perfeftly opake, either co- 
lourlefs, whitifh, yellowifii, greenifh, or rcd- 
difh ; its fhape is either pyramidical, colum- 
nar, tabular, oval, capillary, or amorphous ; 
its texture either granular, fcaly, or radiated ; 
the filaments diverging as from a central 
point, or ifidiftinguiChable. 

It does not give fire vsrith fteel. 

Its fpecific gravity is from 2,1 to 3,i5> but 
this laft is very rare* 

It does not efl'ervefce with acids, though it 
IS partially foluble in them, but if inferted 
into a proper proportion of concentrated ni- 
trous acid, it forms a gelatinous mafs, arifing 
from the fufpenfion and diffufion of the fili- 
ceous Earth contained in it ; but this property 
is not peculiar to zeolyte, as M^. Pellatier has 

ihewn. 



96 Elements &f Mineralogy. 

fliewn. 20 Roz. 429. And fome few icd- 
lytes do not becomue gelatinous. 3 Bergm. 
228. 

When expofed to a ftrong heat it dilates 
and fwells, more or lefs, according to the 
proportion of water contained in it, and af- 
terwards melts per fe^ more or lefs eafily, ac- 
cording to the proportion of calcareous 
Earth, into a frothy flag ; in the moment of 
fulion it is faid to become phofphorefcent ; it 
alfo melts eafily, and with effervefcence, with 
mineral alkali; fomething more difficultly 
with borax, but microcofmic fait has fcarce 
any efFe<9: on it. When in fufion, it fcarcely 
injures the crucibles, 22 Roz. p. 29. This 
ditatibility is the fureft criterion whereby to 
diftinguifh zeolytes. The Upland zeolytes 
'are difficultly fufible. 

According to Mr. Bergmans analyfis, the 
red zeolyte of Adelfors contains 80 per cent. 
of filiceous Earth, 9,5 of argillaceous, 6,5 
of pure calcareous Earth, and 4 of water. 
Van TrolVs Letters ^ p. 370. 

The white, oval, radiated zeolyte of Fero^ 
contains, according to Mn Pelletier^ 50 of 
lilex, 20 of argill, 8 of pure calcareous 
Earth, and 22 of water. 20 Roz. ^20. Mr. 
Meyer found another of the radiated fort to 

contain 
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contain 58,33 per cent, of fll6x, i J j$ of zrgili, 
6,66 of lime> and 17,5 of water. 4 Berlin 
Befchaft.^. 330, In general the cryftalized 
forts contain more wstterthAn the amorphtfU's. 
Mr. Bergman found the zeolyte of Jen^land 
to contain 16 per cent, of calcareous £af*th, 
and that of \Eero to contain 25 jpef centf of 
argill, io that the proportions are very varia-* 
ble. 

SpECIBd XIII* 
Of Volcanic Origin. 

Argillaceous Earth imperfeiily united to 4 
times its weight of Siliceous^ an4 j (f its 
^weight of Iron. 

Titch-fione, Lava^ 

It is of a greyifli, greenifh, black, red, or 
brown colour, has the glafly appearance 
of a femi- vitrified fubftance, and melts cafihjr 
ferfe : it often contains fubftifcnces feeroingly 
heterogenous ; fbme pieces of it do not give 
^re with fteel, and therefore belong to this 
genus, others do, and belong therdbre to the 
iiliceous genys. 

According to Mr. WiegkVs analyfis, 1 1 
Nev. Endeck^ p* 18, 100 parti of it contain 

H 65 
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65 of filex, 1 6 of argill, 5 of irofli the 

remaining J4 gr. were difljpatedt 

Species XIV. 

ArgiJl mixed with a notable Proportion of red 
Calx of Iron^ andfometimes Steatites. 

Red Chalk. 

It hardens in fire, and then often becomes 
magnetic ; in the ftrongeft heat it melts into 
a black glafs, which does not corrode the 
crucibles, as calcareous ores do: it aflFords 
16 or 1 8 per cent, of iron; if it does not 
become magnetic it affords only from 7 to 14 
per cent. Rinman Hiftoria Ferriy § 189. 

Compound Species in nvhich the Argillaceous 
Genus predominates^ 

Species I^ 

Compounds of the different Species of the 4r^ 
gillaceous Genus. 

I, Variety. 
Micaceous Marh 

IL Variety, 
Micaceous Shiftus^ either Slate er Flag-fione, 

HI. Varjetv, 
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HI* Variety. 

Micaceous Sand^Jiones. 

IV. Variett. 
Micaceous Hom-ftmcm 

Green hornftone mixed with mica, Grm^ 
Jiein of Crmfted^ § 267, frequently containi 
pyrites, and 20 per cent, of iron. 

V. Variety. 

Sbiftus and Argillaceous Grit miffed in various 
froportitms. 

VI. Variety. 

Sbiftus and Hornjione mixed in various Bro^ 
portions. 

Species n. 

Compounds of the Argillaceous and Calcareous 
Genus, 

I. Variety. 
Bituminous Shi/ius mixed with Umeftone. 

Marmore Nero j^ntifo. 

I op parts of this contain 18 of mild calca- 
reous Earthi the remainder ihiihiSi from 
H z which 
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which 18 parts of oil were extrad:cd by dif* 
tillation» alfo ^fgtU) and magnefia, and 6 
parts of iron, befides much tb^^t W4S not fe^ 
parated* i? Roz^ 63* 

SpEpIES IIL 

Cmppundi of the Argillaccons and Baryttcat 
<^enus. 

SPECJBS IV. 

Compounds of the Jrgillaceous and Muriatic 
.- Gfnus. 

I. Variety^ 
Sbifius mixed vntb Steatites or Soap^rock. 

IL VA^^IEfYt 

Sbijius mixed with Sfrpentine^ * 
' . m. VaMety^ 
Hornfione mixed with Mica and Serpentine. 

Jlortifione mixed "with Mica and SteatiUs^ or 
Soap^rocL 
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V. VAHilSTti 

IMcd miiced witk Soap^roci^ Schneulejieini 
When the mica prevails the tejcture i» ^txfi 

StECiES V* 

dm^oundi of the Argillaceous mid Sili'cmt 
Genuti noHe o/wBicb gives Firt vfitk S$t4i 

I. VAikiftTY. 

1. Mu^a mixed tiftfh ^artZt Steiifieinf Croti/ly 
§ 262 

It is of a iiaty texture iind eafily di^ded. 

ii Mica attd^uartz, and a little Argilh Saxtm 
itovacuium Unnet\ 

II. VARltiTY* 

g* Horttjioni and Mica mixed with ^arft* 

2. Hmt^one and Sboerl, 
"I 
This 15 alfo called Gronfteini Mhtn th« 
hornftone is green. 

3. Horn/lone, Mica and Sboerlt Binda of tbt 
Swedes* "' - 

H 3 It 
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It fometimes Contains alfo quartz and pyrites. 
Its fpecific gravity exceeds 3>ooo. 

ni. Variety, 

WhiU Gdy mxcd with Mica and ^yi^tz, and 
of no particular texture. Greifs, of the 
Germans f or Growan of the Corntjh Miners. 

When the texture is lamellar and the ftontf 
^arder> it is called Gneifs. 

IV. Variety, 
Sand/lone mixed with Mica, and Felt/par. • 

Species VI. 

Compounds of the Argillaceous with two or 
more Genera. 

I. Variety. 

Micaceous Porphyry. 

This confifts of agreenilh grey, micaceous 
ground/ in which red feltfpar and greenim 
foap-rock are inferted. Saujffure Voyage dans 
Us Alpes, p. 11I9 even the mica is not pure^ 
he fufpeds it contains hornftonCi p. 127. 

IL Variety. 

Ehrn/lone mixed nvtth Veins of Spar and Quartz. ^ 

Mentioned by Mn Saujure, p. 120. 

CHAP* 
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CHAP. vnr. 

Siliceous Genus. 

All the ftones I ]^ace under this genu$ 
give fire with fteel, except opals, and yel- 
low carnelians; and none eflFervefce with 
acids, except Lapis Lazuli in powder, Bar- 
flioerl, martial muriatic fpar, and* Turky 
hone. 

Species I. 

^artZp CryJlaL 

The ftones of this fpecies are in general 
the pureft of the filiceous genus, though moft 
contain a flight mixture of other Earths; 
the moft obvious diftindion among them» 
arifes from their tranfparency or opacity. 

Series I. 

Tranjparent ^artz^ CryftaL 

This is either colourkfs and cryftalized in 
hexagonal pyramids, and then called moun-- 
tain cryftal, or in various other forms, or 
amorphous. Its fpecific gravity is from 2,65 
to 2,7; its texture lamellar and generally 
fliattery, its appearance glafly ; it cracks and 
k>fes its tranfparency when heated ; it pof- 
fefles all the other properties of pure /iliteous 
H 4 Earth. 
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Earth. Mr. Bergman has extradled from 
loo parts of mountain cryilal, about 6 of 
argilU and i of calcareous Earth. 2 Bergm. 
112. So alfo has Mr. Jibilgaard. Denjk. 
Shrift. 178U Yet Mr. Gerhard fays, that 
fbmc arc fo pure as to contain neither. Gerh. 
Beytrage^ 78 and 85. He alfo fays that the 
amorpnous cryftals, though colourlefs, being 
long digefted in acids^ afforded when treated 
ii^ith pure pruffian alkali^ fome traces of iron^ 

The pureft and moft tranfparent of thefe 
cryfials form the falfe diamond, called brif- 
te^i or kerry ftone, diamant d^Alen^Wf &c. 

The coloured tranfparent cryftals derive 
their tinge generally from metallic particles 
in exceeding fmall proportion ; they all loofe 
their colour when heated; thefe form the falfe 
Gems. The moft remarkable are the red<^ 
from Oran^ in Barhary\ falfe rubies. 

Yellow. From Bohemia*^ falfe topazes. 

Green. Falfe emeralds and prafius. 

Blue 3 ^^^^ Bohemia and Saxony^ 

It is faid that brown cryftals may be 
deared by boiling them in tallow. 7. B^Zn 

Mr. 
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Mr. Bergman has formed perfedk cryftals 
by ^iffolving filiccous Earth in the fparry 
acid, and fufFering it to cryftalize flowly» 
It is probable that nature forms them in a 
long courfe of time from a folution or difFu- 
fion of this Earth in pure water, or water 
that holds a little argill or calcareous Earth 
which probably enable it to take up more of 
the filiceous Earth than it otherwife could. 
Perhaps the experiment which once fuccecded 
with Mr. Achard^ was owing to fome fuch 
caufe. 

Sbries IL 

Opake ^uartz^ or Pebbles. 

Thofe are alfo cryftalized, or amorphous, 
either white, grey, br yellowifh, or tinged 
of other colours by metallic particles. The 
former are lefs pure than thofe of the firft 
feries^ containing a larger proportion of argiU, 
or at leaft the argill is lefs perfedlly united 
with the filiceous part. Their fpecific gra- 
vity is from 2,4 to 2,7 ; their furface either 
rough, or fmooth and fhining, the laft are 
called fat quartz : the texture either lamellar 
or granular; they crack like the former in fire, 
and become of a duller colour ; when rubbed 
againft each other they emit a phofphoric 
£mell. They are often found in round mafles 
ia the beds of rivers. 

Th€ 
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The Coloured Opake Quartz are either. 

Blacky being mixed with a large proportion 
Chiron. 

Red^ according to Cronjied they contain 
copper, but Mr. Bergman could find none in 
them. 2 Bergm. 430. 

Blue^ from Uto in Sweden. 

Greeny found at Adelfdorfln Sweden^ 

Series III. 

Arenaceous ^artz or Sand. 

, Though the powdery ftate of other ftones 
does not deferve any particular notice : yet that 
of quartz or filex does, from the great ufe that 
is made of it, and from its feeming to poffefs 
properties which are incompj^tible with it in a 
groffer ftate. It is of various colours and 
incapable of forming a mafs or hardening 
with water, the pureft is white, the nmiute 
particles of which, when infpeifted through a 
lens are tranfparent. It is feldom perfeftly 
pure ; Mr. Achard fays that the fine white 
land pf Freyenwald^ which is ufed for the 
porcelain manufaftories contains \ of its 
weight of argill and calcareous Earth, but 
this I fhbuld rather take to be a.petro-filcx 

in 
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in powder. The finenefs of fome fpecies of 
faod is fo great as to pafs through fieves, that 
contain lo/DOo vacuities in the fpace of an 
inch, as Mr. Wedgenvood one of the n>oft 
celebrated raanufafturers of earthen ware 
in Europe, has affured me. Hence this 
Earth has been found fufpended in fome 
waters in the quantity of i grain in a gallon. 
See 2 Bergm. 47, and Cad^t in the Memoirs 
of the French Academy for 1 767, 

Species II. 

Siliceous Earth intimately mixed and partly 
combined ivith about I of its iveight of Ar^ 
gill, and ^^ of its ^weight oj Calcareous 
Earth. 

Common Flint or JPebble, Hornjlein^ Kiefel of 
the Germans. 

This ftone is found of all colours, or va- 
riegated with veins of different colours ; it 
is commonly covered with an opake white 
crufl, which feems of the fame nature, but 
more imperfedly combined ; this cruft ad- 
heres to the tongue like clay, yet ftrikes fire 
with fteelf fo that probably it contains a lar- 
ger proportion of argill than the, kernel. 
Flint is always femi-tranfparent in thin pie-r 
ces ; its hardnefs is various, though it always 
gives fire with fleel; its texture is folid, 

whereas. 
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whereas that of quartz. iS fliattcry i it bredki 
with fmooth furfaces, one of which is con- 
vex, the other concaves k is nevef found 
tryftalized, but rather in feparate irregulaf 
nodules, fcattered through other ftrata, and 
plentifully in England in beds of chalk; it 
has feldom any nfTures, with which quartz 
abounds j its fpccific gravity is from 2,65 to 
2,700, ' 

Flints are infufible per fe in the ftrongeft 
fire, but generally become white and brittle 
by reiterated calcination, which fcems to in- 
dicate that they all contain a little water ; and 
hence alfo, their decrepitation; when heated j 
The fame may be faid of quartz ; they are 
affeded by fluxes in the fame manner as the 
pureft ftones of this ^enus. 

The common brown flint exhibited on Mr* 
Wiegleb'^s analyfis 80 per cent, of fiiiceous 
Earth, 18 of argill, and 2 of calcareous. 6 
N. A51. Natur. Curiof. p. 408. Coloured 
flints undoubtedly contain metallic particles. 

To this fpecies we muft alio annex thd 
finer flints commonly called Egyptian pebbles^ 
ha^machates, ftigmites, filex iardus. Thefe 
differ from common flints; i^^Jn this, that 
they are lefs^ if at all tranfparent ; 2^; that 
their texture is finer^ harder, and cloltfr^ an4^ 

their 
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ibelr i^cific gravity greater; 3^ thatthcf 
are always covered with an ochry croft ; but 
fhey break with conchoidal furfac^s, as flints 
do. Their colour is reddifh, yellow, blade, 
brown, or grey, or beautifully variegated^ 
They probably contain metaUic particles. 

Species III. 

Siliceous Earth intimately mixed nvithfrom ^ 
to \(f its weight of Argill, and from ^ 
to /; of its weight of Calcareous^ 

Petroftlex, Chert. 

This ftone differs but little from the former 
in external appearance, only it is duller and 
lefs tranfparent ; it is found of all colours, 
but generally dark blue, or yellowifli grey ; 
it breaks with conchoidal furfaces like the 
former, but is generally fofter; it runs in 
veins through rocks» and hence derives its 
jiameji its fpecific gravity i$ from 2,59 to 
^,y : in fire it whitens and decrepitates like 
filex, but is generally more fufible, for it 
commonly melts per fe: it is not totally dif- 
folved in the dry way by mineral alkali, but 
borax and microcoimic i^h diflblve it without 
effervefcencet 

From » reddifh petro-filex ufed in the 
CfUnt ((e Lauragait Porcelain Manufadory^ 

an^ 
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and there called a felt-fpar, I extraded 72 per 
cent, of filex, 22 of argill, and about 6 of 
mild calcareous Earth, but could not melt it 
by the blow-pipe. I believe the calcareous 
Earth was not in a mild ftate in the ftone. 
It fliewed no fign of iron notwithftanding its 
flight reddifh colour, nor of any other 
metal 

Species IV. 

Siliceous Earth intimately mixed with about |^ 
of its weight of Argill ^ and 1^ or \ of its 
weight of Calx of Iron. 

Jafper^ Diafpro of the Italians. 

This fpecles alfo borders on the former,k. 
but it has a ftill duller, lefs glafly, and' more 
earthy appearance in its fradlure, %nd its gra-» 
nular texture is more diftindt ; it alfo oftea 
breaks with conchoidal furfaces ; it is capable 
of a fine polifli ; its colour is generally red- 
difh or green, or flriped ; but it is alfo found 
blue, grey, or whitifh 1 its fpecific gravity is 
from 2,68 to 2,778, or more, when itcon-i 
tains more iron. In fire it retains its colour 
much longer than petro filex, never decrepi- 
tates, but grows rather harder, as Mr. Wedge-* 
wood aflured me, and does not melt per fe in 
clay crucibles, though it does in thofe made; 
of chalk. Alkalis borax and microcofmic 
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lalt aflPeft it like the former fpccies. Mr. 
Gerhard {bjs th^t fome forts of jafper melt 
per Je : thefe contain an over proportion of 
iron, or elfe calcareous Earth, and then form 
the link betwixt cherts and jafpers. 

The green jafpers contain iron in a femi- 
phlogiflicated ftate, and have often been con* 
founded with malachites, but thefe latter 
never give fire with fteel, to fay nothing of 
the entire difference of their compofition. 
Red jafpers contain iron more dephlogiftica*- 
ted. 

Sinopk is a dark red jafper or flint, which 
firikes fire with deel, and afibrds in the dry 
way lo. per cent, of iron, and melts into a 
black flag. &inm^ Hift. Ferris § 189. If 
tried widi the Pruflian alkali, it would pro- 
bably fliew 1 8 or 20 parts of iron, as this 
always feparates nearly double the quantity of 
iron that can be ej^traded in the dry way. 

A 

Of the fpontaneous Decompofitipn of Stones by 
kng Expofure to the Mr. 

Flints, jafpers, petro-filex, felt-fpar, gra- 
nites, lavas and ferruginous ftones, have fre- 
quently been faid to be deqompofed by long 
expofure to the air, and the obfervations of 
Mr; GreviUe and Sir William Hamilton have 
Tf mpved every doijbt I entertained on this head. 

With 
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With regard to ferruginous ftones in which 
the calx of iron is not much dephIogifti« 
catedi this decompoiition is eafily under* 
ftood) for this calx gradually becomes mare 
dephlogifticated by the a£):ion of water and 
air^ attrads water and fixed air» and lofes its 
adherence with the filiceous or other ftony 
particles : this is feen to happen to bafaltea^ 
toadftone, ferruginous limeftoncy &c. In other 
ftones this decompoiition may arife from theif 
containing calcareous Earth in a cauflic ftate^ 
or manganefe, for thefe will gradually attra^ 
water and fixed air* and then fwell, burft and 
loofen the Whole texture of theftone, as we fee 
happen to bricks that contain lime. Thus alfo 
glafs is decompofed by long cxpofure to the 
air, the alkali attrading water and aerial ackt^ 
Mortar, on the contrary hardens by long cx- 
pofure to the air, becaufe, though the aerial 
acid be attradied, yet a great part oS the wa* 
ter exhales. 

SPEglES V. 

Jbe finer FKnts mixed with varicus Propt^^ 
tions of other Earths and Iron. 

J^recious Stones of tbefecond Order. 

I. Variety* 

Agates^ 
The oriental agate is almofl tranfparentj^ 
and of a glafly appearance, but whitifh, with 

inw^tfd 
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inwafd pfotuberanced* The occidefttal is of 
Various colours, and often Yeifted with quarts 
or jafper ; it is moftly found in fmall pieces 
covered with a cruft, and often running in 
veins through rocks, as flints and petro-fileXt 
to which it is analogous, but more tranfparcnt;^ 
the Earths being better combined and the 
grain clofer; its fpecific gravity is 2,64; it 
often forms the ftony matter of petrifadions* 

Agates that prefent arborifations are called 
inochoes. 

Alkalis, borax and microcofmic fait aflfeft 
this (lone in the fame manner as they do 
fiints* 

II. Variety. 

Opalf Oculus Mundij Lapis Mutabilis. 

This ftone is of different colours, white, 
yellowifli, or greenifti brown; its peculiar 
charafteriftic is to reflect different colours, 
according to the different pofitions of the eye ; 
it is moftly of a fpungy texture, and admits 
water into it, and generally too foft to ftrike 
fire with fleel; its fpe'cific gravity is frOm 1,7. 
to 2,24. 

The ufual fluxes aft on it as on flints. Mr# 
Bergman has cxtra^ed argill from it. 

I Pfeudopal 
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Pfeudopal is opake, and rededs green and 
yellow rays, and hence called cat's eye* 

Avanturine rcfembles an opal with gold 
fpecks, but is a produdt of art. 

III. Variety. 
Chalcedonian. 

^ Its colour is a bluifti cloudy white, or grey, 
with {hades of other colours, and tranfverfely 
infpefled prefents an iris ; when white and 
opake it is called chachelong : its fpecific gra- 
vity, according to Mr. Bergman^ is from 2,5 
to 4,36. Stones of this latter weight muft 
be very different from thofe of the former. 
Thefe ftones fometimes contain water. It is 
affedted by the ufual fluxes, ias flint. 

According to the experiments of Mr. 
Bergman^ the chalcedony of Fero contains 
84 per cent, of filex and 1 6 of argill. Mr. 
Bindheim found another fort to contain 83,3 
of filex, I J of calcareous Earth, and 1,6 of 
argill, befides a minute portion of iron. 3 
Schrift. Niiturfor. Freundcy p. 429. 

Opals and chalcedonies, which by admit- 
ting water within their pores become tranf- 
parent, arc called hydrophanes. This phoe- 

nomenon 
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nomenoh is well explained in the fecond vo- 
lume of Mr. BefgmarCs works* 

IV. Variety/ 
Onyx. 

This IS a very hard ftone of the eolduf of 
the human nail, with *flraight or circular 
zones of another colour ; if the zones them- 
felves be of different colours, it is more 
efteemed, and called camehuya : it is almoft 
opake ; its fpecific gravity is from 2,5 to 2,6 ; 
it is aff^edted by fluxes as the former varifetiest 

V* VARlEtY. 
Carne/ian^ 

Its colour is of different Ihades of red ; it 
is alfo of diff^erent degrees of tranfparency 
and hardnefs : the beft is of an orange or yel- 
low red, arid gives fire with fteel ; the whitiih 
or yellowifh are too foft to give fire with 
fteel, and lefs efteemed; its fpecific gravity 
is from 2,6 to 2,7; it lofes its colour ia fire. 
Fluxes aff'edt it like the above. 

VI. Variety. 
Sardonyx^ 

It confifts of chalcedony and carnelian, 
united either in zones, ftrata, or fpots. 

I 2 Species VL 
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SrsciBs VI. 

Siliceous Earth ferfeflfy united to^ from an 

equal to 3 times its njuei^ht of Argilly and 

from 7 to an equal nvetght of Calcareous 

Earthy together with from W to an equal 

weight of iron. 

Precious Atones of the frfi Order. 

I derive the denominations of thefe fton^s 
from their colour and hardnefs, and not from 
their hardnefs fingly, as Jewellers moftly do, 
as this property, though it contributes to 
their fplendor and value, has but little or no 
connexion with their compolition. I alfo omit 
many fub- denominations of each fort of thefe 
llones, which are to be found in treatifes ex- 
prefsly written on that fubjeft. The fpecific 
gravity of all of them exceed 2,76, whereas 
tiiat of coloured cryftals never does. Their An- 
gular luftre and tranfparency are well known* 

L Variety. 
Red. 
Mubyf Oriental. 

It is commonly found cryftali2«d in an 
o&ohedral form ; its texture ia foliated ; its 

hardnefs 
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hardtiefs much greater than that of any other 
ftone, and yields only to that of diamond ; 
its fpecific gravity from 3,18 to 49283. 

In fire it is invitriable perfe^ and does not 
yield even to the focal rays of a burning glafs, 
but a flame excited by dephlogifticated air, 
directed by a blow-pipe, readily melts it ; it 
does not lofe its colour in a heat that would 
melt iron. Borax and microcofmic fait effect 
its fufion, but mineral alkali fails. 

TOO parts of it contain, according to Mr. 
Bergman^ 40 of argillaceous, 39 of filiceoust 
9 of mild calcareous Earth, and 10 of iron. 

Or, according to Mr. Achard^ 41,66 of 
filiceous Earth, 36,66 of argill, 8,33 of cal« 
careous Earth, and 10)83 of iron. 

Brazil rubies are paler, and (aid to be found 
in hexangular or polyangular cryflals. 

Jewellers, among whom hardnefs and tran^ 
parency are the chief charafteriftics, mention 
aMb white and amethyft coloured rubies, but 
thefe have not been analyfed. 

Oriental rubies are chiefly found in Pegu^ 

Ceylon^ Bifnagar^ and Camkuya. A bafer fort 

1 3 is 
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is found in Finland^ Bohemia^ Silefia^ Saxony 

and Hungary, 

n. Variety. 
Telloiv^ 

TopaZp Hyacinths 

Topas is of a gold colour ; its texture fo* 
liaceous ; its form cubic, parallelipedal, or 
prifmatic ; its fpecific gravity from 3,46 to 
4,56 ; it lofe^ its colour only in a very ftrong 
beat, and of the ufual fluxes it yields only to 
bora3^ and miqrocofmic fait. 

According to Mr. Bergman^ 100 parts of 
|t contain 46 of argill, 39 of filiceous Earth, 
8 mild calcareous, and 6 of iron. Its great 
fpecific gravity fliews thefe Earths to be very 
perfedlly united. 

Oriental hyacinth is of a reddifh yellow 
colour, generally cryftalized in a prifmatic 
form ; in a ftrong heat it becomes paler, and 
j^qcording to Mr. Achard^ may be melted in 
a v^ind furnace in 2 hpurst 

According to Mr. Bergman^ 100 parts of 
it contain 40 of argill, 25 of filex> 2Q of 
mild calcareous Eartbi and 13 of iron; and 

according 
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according to Mr. Achard^ 4i#33 of argill» 
^1,66 of filex, 20 of calcareous Earth, and 

Hyacinths are found in Poland^ Bohemia^ 
and Saxony. 

III. Variety. 
Green. 

Emerald^ ChryfoUte^ Beryl. 

The colour of emerald is pure green ; it is 
fometimes found in round flat pieces, but 
modly cryftalized in hexagonal prifms ; its ' 
fpecific gravity is from 2,78 to 3,711. It is 
the fofteft of all the precious ftones. 

According to Mr. Achard^ it preferves its 
colour in a porcelain heat, and only becomes 
more opake ; in a ftronger heat it melts into 
a flag- Mem. Stock. 1768. Like the fore- 
going it eludes the force of mineral alkali, 
but yields to borax and microcofmic fait. 
With the former, according to Mr. ^i/t^ it 
gives a colourlefs g^afs. 

100 parts of it contain, by Mr. Bergman* s 
analyfis, 60 of argill, 24 of filex, 8 of cal- 
careous Earth, and 6 of iroo j and by that of 
1 4 Mr* 
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Mx^ 4ch^rd^ 60 of argill, 21,66 of files, 

%%2iZ ^^ calcareous Earth, and 5 of iron. 

It was antiently found in Efgyptf now 
chiefly in Peru^ 

Chryfolite^ or Beryl^ is of a light yellowiflx 
green; it melts perfe into a flag; it isfofter 
than cryftal; it yields only to borax and 
microcofmic fait, and fs fcarcely afFe<3:ed by 
alkalis : when ready to melt it becomes phc^- 
phorefcent. 

Jiq^ Marine ^augites) is of a bluilh green | 
it pielts per fe by the bjow-pipe* 

IV. Variety, 

Sapphire. 

Its colour i$ flcy blue ; its texture foliacc-sr 
ous; its form hexangular or polyangular 
prifoas or paralklipeds ; its fpe'cific gravity 
from 3,78 to 5i994 ; the oriental prefcrves 
its colour in a porcelain heat, and will not 
nxtXlperfcy but that of Brazil lofes its colour; 
\% is afiedted by flukes as the other varieties. 

Mr. Bergman found 100 parts of this flonc 
-to eopt^a 58 of argiiJ, 35 of fije?c, 5 of 
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fnild calcareous Earth, and 2 of iron $ and 
Mr. Achard 58,33 of argill, 33,33 of filex, 
6,66 of calcareous Earth, and 3,33 of iron* 

Jewellers mention white, green, and yel- 
low fapphires, or pale red. 

Species VII. 
Amethyfi. 

Some of this fpecies are as tranfparent a# 
the former fiones, others duller ; its fpecific 
gravity, which reaches only from 2,6 to 2,7, 
makes me judge it to he very diflFerent from 
them \ its colour is pale bluilh red ; its tex- 
ture nearly granular, and generally cryfta- 
lized in hexangular prifms ; it lofes its colour 
in a ftrong heat, but does not melt per fcy 
though with borax it gives a colourlefs glafs \ 
its compofitioh has not yet been examined. 

Species VIH. 

Siliceous 'Earth united to ^^ of Its 'weight of 
Calcareous Earthy Jiill lefs ofMagnefta^ ivith 
an exceeding fmall Proportion ^ Iron, Cop^ 
per^ and Sparry Acid. 

Qhryfoprajium. 

It is of an apple green colour, and femi- 
tjr^cU^ayent ^ it has never been found cry* 

ftalized ^ 
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ftalized i it is much harder than green fluors 
or green quartz. 

When diftilled, a little of its Earth fub- 
limes ; it lofes its tranfparency and colour in 
fire, but does not melt perfe. 

Mr, Achard found i oo parts of it to con- 
tain 95 of filiceous Earth, 1,7 of calcareous 
Earth, 1,2 of magnefia, 0,4 of iron, and 0,6 
of "copper. 

Species IX. 

Siliceous Earth intimately mixed nvith blue mar-- 
tial Fluor J and a Jmall Proportion of Gyp-^ 
fum. 

Lapis Lazuli. 

The colour of this ftone is a beautiful 
opake blue, which varies a little in intenfity, 
and is generally fprinkled over with yellow, 
bright, pyritaceous fpecks or ftreaks : it ob- 
ftinately retains its colour in a ftrong heat, 
which diftinguifhes it from other blue ftones : 
it is of an equable or very fine granular texture, 
and takes a beautiful polifh ; its fpecific gravity 

If powdered and not calcined, it eflFer- 
vcfces very flightly with acids, but if cal- 

cined^ 
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einedt it does not effervefce, but becomes ge« 
latinous. 

In a ftrorig fire it melts perfe into a wbittjh 
glafs. 

This ftone has been examined by Mr* 
Margraaf only with a view of finding whe- 
ther it contained copper. He found none, 
but only calcareous Eartht gypfum, iron, and 
filex. Mr. Binman lately found it to contain' 
the fparry acid. 

Species X. 
Jade. 

Jade is found in fcattered mafles like peb- 
bles, femi-tranfparent, of a greafy look, and 
exceeding hard: its colour is cither white, 
^rey, olive, green, or ycUowifli : its fpecific 
gravity from 2,97 to !3>389. According to 
Mr. SauJfurCy it is fcarcely foluble in acids, at 
lead without particular management, and alfo 
infufible in fire. However, he feems to have 
extracted iron from it. 

May it not be a compound of filex and 
magaefia ? 

Species XL 
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Species XL 

Siliceous Earth intimately mixed and partly 
united with 6,209 V its weight of Jrgill, 
0,164 0/ its weight of ponderous Earth, and 
Oyi 2 of its weight of Magnefia. 

Felt f par. Spat hum l^yromachum^ Rhombic 
Quartz, ^artzum Spathofum^ Spathum 
Durum, Petunfe. 

This ftone, which Is generally opakc, is 
found of all colours, white, red, yellow, 
brown, green, violet, or iridefceqt; fonie-» 
times cryftalized in rhombic, cubic, or pa- 
rallelipedal forms, and often amorphous : its 
texture clofe but lamellar, and breaks like 
fpar : its fpecific gravity is from 2,4 fo 2,6, 
and Mr. Gerhard {ays he found it even ^^^ j 
but it was then probably loaded with metallic 
particles : it is harder than fluors, but not fo: 
hard as quartz. 

It melt? perfe more quickly and perfcAly 
than fluors, into a whitifh glafs, and doea 
not, like them, attack the crucibles. Borax; 
and microcofmic fait entirely diflblve it with- 
out effervefcence, but it does not eafily enter 
into fixed alkalis. When cryftalized, iC 
decrepitates in a moderate he^t, otherwife 
iptoti 

It 
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It never conftitutes veins or ftrata^ but is 
either found in loofe mafies at mofl 2 inches 
long, or mixed with fand or clay^ or imbo- 
died in other ftones, as granites, &c. 

1 00 parts of the white contain about 67 
of fiiiceous Earth, 14 of argillaceous, 11 of 
ponderous, and 8 of magniiia. 

The fpecific gravity of the fpecimen I tHed 
Was 2,542* 

Labrador Jione is of this fpecies ; it refledls 
the colours of the rainbow, is fomewhat 
fofter than common felt-fpar, and is found 
in pretty large pieces, generally of a dark 
grey colour : its fpecific gravity is 2,755. 

Felt-fpar is undoubtedly the flone which 
the Saxons ufe as petunfe in their porcelain 
manufadories. 5 Berlin Befchaftig. p. 471* 

Species XIL 

Siliceous Zeolyte. 

This diflfers from that defcribed under the 
argillaceous genus only in this, that it gives 
fire with fteel. It is white, and found at 
M^JJiberg. 3 Bergm. 224. It is very rare. 

Species XIIL 
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SPBCIE9 XIII. 

Siliceous Earth imperfeSlly united to about 0,7 
of its weight of Argillj and ^ of its nveight 
cf Calcareous Earthy ^without Iron. 

Vefuvian Garnet. 

It is improperly called a garnet^ as it con- 
tains no iron, and it differs from zeolytc in 
containing no water, and alfo in texture and 
hardnefs : its colour is white, fometimes 
opake and fometinxes tranfparent, and very 
hard : it is difficultly adlcd on by any of the 
fluxes. 

According to Mr. Bergman^ it contains ^S 
per cent, of filiceous Earth, 39 of argill, and 
6 of calcareous Earth. 

Species XIV. 

Siliceous Earth more or lefs perfeBly untied to 
0,63 of its weight of Argill^ about 0,4 of 
its weight of Calcareous Earthy and from 
0,28 to about 0,41 of its weight of dephlo^ 
gijiicated Iron. 

Garnet. 

When not over-loaded with iron it is tranf- 
parent, though, from the intenfity of its co- 
lour, 
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lour, which is a bluifh or yellowifh red, its 
tranfparency is often obfcure, except it be 
held to a ftrong light : it is generally cry- 
ftalized in various polygon forms, but it is 
frequently amorphous : its texture is granu- 
lar ; its fpecific gravity from 3,6 to 4,188. 

It melts per fe^ though difficultly, into a 
black flag. Mineral alkali does not attack it 
fo powerfully as borax or microcofmic fait. 

It retains its colour in a ftrong calcining 
heat. 

It is often found in fmall grains, imbodied 
in ftones of the commoneft kind. 

1 00 parts of it contain, according to Mr. 
Achard, /^S^^ of filiceous Earth, 30 of argill, 
1 1,6 of calcareous Earth, and 10 of iron. 

Opake garnets, over-loaded with iron, 
fcarcely give fire ^ith fteel, are fometimes 
cryftalized and fometimes amorphous, and 
either red, yellowifh, or blackifh. They af- 
ford about 20 per cent, of* iron. Sometimes 
they contain tin and even lead, but very rare- 
ly. 2 Bergm. 106. 

Species XV. 
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Sfecies XV. 

Siliceous Earth more or lefs perfectly united td 

from 0,46 to 6,83 of its nveight of Argillf 

from Y4 to ^of Calcareous Earthy and to ^ 

or 4. of femiphlogi/iicated Calx of ^on^ and 

from ^V *^ tV 9 Magnefta. 

SchoerL 

Its diftinguifhing properties are, i^^* eithei' 
a fparry or femi- vitrified appearance^ like aa 
enamel or a flag 5 2^' a filamentous or fcaly 
texture, which diflinguifhes it from garnets ; 
the filaments either feparate from each other, 
or conjoined and plated ; 3*^* fufibility per ft 
in a moderate heat ; 4^^' a fpecific gravity from 
3, to 3,6, rarely 4,000, and only when load- 
ed with iron ; f^ its hardnefs nearly as that 
of cryftal. 

!• Variety • 
Tran^arent* 

This is always cryftalized in fome poly- 
goa form : its texture obfcurely fparry : its 
colour brown, reddifti brown, greenifh or 
yellowifli brown, or violet: its fpecific gra- 
vity from 3, to 3,6. 
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A reddifli brown, jprifmatic (hoerl of this 
|brt, from Vefuviusj contained, according to 
Mr- Bergman^ 48 per cent, of fiUceous Earthy 
40 of argill, 5 of calcareous, 1 of magne- 
fia, and 5 of if on. The ufual fluxes aflFed 
this fpecies, as they do the foregoing. 

The filamentous fort refembles afbeftos, and 
differs externally only in tranfparency and 
breaking with an even furface. 

II. Variety. 
Opake. 

Thefe are of all colours, white, black, red, 
brown, greenifli, and violet; the filaments are 
cbnjoined and parallel, or diverge, as from a 
common center. Thole of a fcaly or fparry 
appearance are generally greenifli or blackt and 
are called Hornblende. 1 hey are frequently 
cryftalized in regular forms, and often fo foft 
as to be fcraped with a knife. - 

100 grains of the black cryftalized fort 
from AlbanOf affbrded Mr. Bergman 58 of 
filex, 27 of argill, 5 of calcareous £arth, i 
of magnefia, and 5 of iron. 3 Bergm. 207. 
Other torts have afforded j'o percent, of fili- 

K ceous 



1 30 Elements of Mineralogy. 

jceous Earth; 30 of ai^ll, i or 2 of mag* 
nefuif and 18 or 20 of iron. 

The white fort probably contains lefs 
iron. 

All thefe forts become reddifh by calcina- 
tion. 

Species XVI. 

Siliceous Earth imperfeSily united with 0,34 
of its 'weight of Calcareous Earth, 0,107 ^ 
its 'weight of Argill, 0,08 of Magnefa^ 
0,026 (^ Iron^ and about 0^048 of Water. 

Bar ShoerU Stangen S/tioerl of the Germans. 

This was lately found in the drpathian 
Mountains by Mr. Fichtel, imbodied in lime- 
ilone, and cryftalized in prifms : it flightly 
cflFervefces with acids. 

According to Mr. Bindbeim, 100 parts of 
it contain 01,6 of filiceous Earthf 21,6 of 
calcareous. Earth, 6,6 of argill, 5 of mag«- 
iiefia, 1,6 of iron, and 3 of water, 3 
Schrift. Natisrforfcb. Freunde^ p. 452. 

Species XVIL 
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SMcifisXVlL 

SilkeoUs £arth imperfe^ly united nmtbjrom 
1,05 to 1,47 of its ^weight of ArgxlU from 
0,3 to 0,4 of its weight of mild Calcareous 
Earthy and from o, 15 /o 0,243 ^f^^^ weight 
i^f Iron. 

tourmaline. 

Tourmaline has hitherto beeti fouttd only in 
Ceyhn^ Brazil^ and the Tyr^/.'/ Afpecimenof 
each has had the advantage of having been 
particularly examined by Mr. Bergman. That 
of Ceylon is of a dark brown, or yellowiih 
colour, its fpecific gravity 3,065, or, 3,295; 
that of Brazil is green, blue, red, or yellow^ 
and its fpecific gravity 3>o75 or 3,180 ; tliat 
of TjKro/, by reflefted light, is of a blackifh 
brown, but by refraded light, yellowifh, or 
in thin pieces^ green j its fpecific gravity 
3,050 ; moftly cryftalized in polygon prifms, 
but fometimes amorphous. The thickelt 
parts are opake : the thin more or lefs tranf« 
parent. 

All are cleftric when heated to ?tbout 200 
of Fahrenheit. Theff texture i^ lamellar, 
and their furface has a glafTy appeaiitnce. 

In fire none of them decrepitate; but 

thofc pf Ceylm and T!yrol melt perfe into a 

K 2 black 

f ' ' ' ^ 
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black frothy flag. That of Brazil forms oti-» 
\j a brittle fcoria. Of the ufual fluxes^ bo- 
rax diflblves them beft^ microcofmic fait and 
mineral alkali partially^ 

The proportion of their conftituetit prin-^ 
ciples is thus exhibited by Mr Bergman : 



Tourmaline of Tyrol. 




Argill. - . - 

Silex, 

Calcareous Karth, 

Iron, - - - 


4* 
40 

J2 

6 




100 


Totsrmali/u of Ceyhu* 




Argill. 

Silex, - 

Calcareous Earth, 

Iron, - * - 


39 

37 

: 

100 


Taurmalme of Brazil. 




ArgiU. 
Silex, 

Calcareous Earth, 
Iron, - 


50 
34 
II 

s 

100 


$KCiE»XVm< 
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Species XVIII. 

Siliceous I^th mixed with 0,3 of its %veight 
of ArgilU 0,17 of mild Calcareous Earthy 
0^04 of Magnejia^ and 0,5 of Jro/n. 

Bafaltes^ Trapp of the Swedes^ Saxum Danc^ 
pwrenfe. 

A dark grey or black ftone» generally iix- 
▼efted with a ferruginous cruft and cryfta* 
lized in opake triangular or polyangular 
columnSf is called bafaltes; that vrhich is 
amorphous, or breaks in largCt thickt fquare 
pieces, is called trapp. Their conftituent 
principles, and relation to acids 2|nd fluxest 
are exadlly the fame. The texture of this 
flone is either coarfe, rough, and diftin£t, or 
i()ne and indifcernable. This latter fort is 
often reddifh ; it is always opake, and moul-p 
ders by expofure to the air ; fome fpecimens 
give fire with fteel very difBctdtly, though it 
is always very compad; fometimes it is 
fprinkled over with a few minute ihining par- 
tides : its fpecific gravity is 3,000. 

When heated red hot, and quenched in 
water, it becomes by degrees of a reddiih 
brown colour : it melts perfe in aftrongheat 
into a compaA flag. Borax alfo diflblves it 
in fufion, but mineral alkali not intirely« 

K 3 According 
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According to Mr. Bergman^ loo parts of 
tlie bafaltes contain 53 of filiccous lEarth, 1 5 
of argill, 8 of calcareous, ? of magnefiat 
and 25 of iron, 3 Bergm. 213. And with 
this Mr. Meyer very nearly agrees^ i4^^as- 
turforjh. 5, 

Species XIX, 

&UceMs Earth mixed ^with 0,69 of its '^^ight 
^ Argill^ and 0,41 of its weight of Iron iff 
4i^fmiphhgijitcatedjiate, 

Kowly Ragg. 

This ftone is alfo of a duiky or dark grey 
colour, with numerous minute fhining cry-^* 
ftals ; its texture granular ; by expofure to 
the air it acquires an ochry cruft j its fpecifiq 
gravity 2,748. 

Heated in an open fire it becomes mag-i* 
netic. In a ftlong heat it melts perfe^ but 
more difBcultly than bafaltes, 

According to Dr. Withering* s analyfis, 100 
parts of it contain 47,5 of filiceous Earth, 
1 2,5 of argill, ?wd ?p of iron. 

Species XX, 
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Species XX. 

Siliceous Earth more or lefs perfeilly united to 

from 4" to 4-0 9f ^^^ loeight of ArgilU 0^3 

or 0,4 of its nveight of Tron^ and a fmall 

proportion of pure Calcareous Earfh, but 

this isfometimes wanting. 

Lava. 

By Lava I underftand the immediate pro- 
duft of liqiiefadtion or vitrification by vol- 
canic fire, which fliould carefully be difHn- 
guiflied from the fubfequent produftions af- 
fedted by the water either in a liquid or fluid 
ftate, which generally is ejcdled at the fame 
time. 

All lavas are more or lefs magnetic, give 
fire with fteel, are of a granular texture, and 
fufible per fe. Moft are decompofable by 
long expofure to the air, fooner or later, ac- 
cording to the proportion of iron and calca- 
reous Earth, and according as they were mere 
or lefs perfectly melted or vitrified, 

Mr. Bergman, in his elaborate trcatife o» 
volcanic produds, diflinguiflies tbre^ varietiei 
of lava i the cellular or frothy, the compa<^i 
and tlie vitreous. 

K 4 I. Variety* 
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I. Variety* 
Cellular Lavas. 

Thefe underwent only the firft and lowelt 
degree of fufion, being juA mollified and 
heated fufEciently to expell thefi:;ed air con- 
tained in the argillaceous particles ; hence 
they abound in fmall cavities arifing from the 
eicpanfion of that air after it had recovered its 
elaftic ftate. Their fpecific gravity is vari- 
ous : fome are fo light, by reafon of their in- 
ternal cavities, as to float for fome tin^e on 
water, and hence, have been miftaken for- 
pumice ilones, but they differ from thefe in 
this, that their texture is never filamentous^ 

Their colour is blacTc, grey, brown, ot 
reddifli brown, and their cavities are often fiU 
led with cryflalizations* 

Of this fort is the black cellular mill-done 
of the jRAlne. 

Thefe ilones contain from 45 to 50 per 
cent, of file'x, and from 15 to 20 per cent. 
of iront 4 or 5 per cent of pure calcareous 
£arth9 and the remainder argill. 

II. Variet¥^ 
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II, Varijety^ 
ChmpaSi Lavas. 

Thefe have undergone the 2d or more per- 
fed degree of fufion, yet they are not entirely 
dcftitute of cavities which contain fiuier cry- 
ftals, or pieces more perfedly vitrified ; their 
colour is black or brown ; their fra£lure is ftill 
obfcure, and not glafly, as the ftones them*- 
fclves are opake : if not cracked, they give 
^ ckar found when ftruck* 

The proportion and quality of their con* 
ftituent parts are the fame as in the foregoing 
variety. The ufual fluxes attack them with 
difficulty, and microcofmic fait has fcarce any 
power over thei». 

III. Variety. 

Vitreous Lfivas. 

Thefe have been more completely melted, 
^nd form vitrifaftions of diflFerent colours, 
generally black or afli-coloured, rarely blue 
br greenifb^ 

A fpecimen of this glafs, examined by 
j^4r» Bergman^ afforded 49 per ceat. of filex, 

^5 
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35 of argill, 4 of pure calcareous Earth, and 
12 of iron. Another fpecimen from the 
Lipari IJlands afforded 69 of filex, 22 of 
argill, and 9 of iron. This muft have been 
cxpofed to a very ftrong heat, for they melt 
very difficultly perje. 

The Hack Agate of Iceland^ (Lapis obfidia^ 
nusy Piedra de GalinafoJ is of this fort, and 
its principles and their proportions nearly the 
fame. 

The harder fort of pitch ftones, already de- 
fcribed, which give fire with ftecl, belong to 
this fpecies. 

r 

Mr. Saujfure has ingenioufly imitated all 
thefe fpecies of lava, by melting more or lefa 
perfeftly the compound argillaceous fpecies 
into which hornftone enters as the moft copi- 
ous ingredient, and which he therefore calls 
Hornrock^ Roche de corne^ and which are al- 
ready defcribed. Voyage dans les Alpes^ p^ 
127. And hence he juftly conje£tures that 
this ftone, marl, and the fchifti (Species 6, 7, 
and 8 of the Argillaceous Genus) are 
the principal materials of lava. Ibid^ 131^ 

Species XXI. 
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Species XXI. 

Siliceous Earth mixed with 0,11 or o, 1 7 of 
its nvetght of Magnefia, and a little of 
Calcareous Earth. 

Pumicj^-ftone^ Pierre Ponce^ Bimftein. 

This feems rather a volcanic ejciSlion than 
a volcanic produd j its colour is grey, white, 
reddifli brown, or black : it is hard, rough, 
and porous, and confifts of flender fibres pa- 
rallel to each other ; very light, for it fwims 
on water, and difficultly gives fire with fteel. 
It feems to have originally been an albeftos 
decompofed by the aftion of fire. 

100 parts of it contain, according to Mr. 
Bergman^ from 6 to 15 of mjignefia, with z, 
very fmall proportion of calcareous Earth, 
the remainder filext 

'Species XXII. 

Siliceous Earth mixed wit A lefs than its own 
weight of Magnefia and Iron. 

MUrtial Muriatic Spar. 

Mr. Monnef^ a Mineralogift of confiderable 
note, lately difcovered this ftone at St. Ma^ 
rie aux Mines^ and called \ififolitesi but as £i 

very 
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vcTf difFerent compound is generally denoted 

by this name, I have called it martial muriatic 

fpar, a name which agrees better 'with its 

properties. 

It is of a hard, folid, and fparry texture $ 
of a grey, ochry, dull colour, but internally 
bright : it gives fire with fteel, yet eflFerrefces 
■with acids. 

In a ftrong heat it grows brown^ but at laft 
melts />^ry^. 

lOO parts of It contain 50 of filex> the 
remainder mild magnefia and iron, but in 
what proportion is not mentioned. 13 Roz, 
Snppl. 416. 

Species XXIII. 

SiHceous Earth intimatety mixed ivith 4. of its 
iveight of mild Calcareous ^arth. 

Turky Stone, Cos Turcica. 

This is of a dull white colour, and uneven 
texture ; fome parts appearing more compaA 
than, others, fo that it is in fome meafure 
fliattery: it hardens with oil; its fpecific 
gravity is 2,598 ; it gives fire with ftcel, yet 
effervefces with jyjids. 

I 
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I found 100 parts of it to contain 25 of 
jmlld calcareous Earth, and no iron. There 
probably arc two forts of ftone known by 
this name^ as Mr* Waller ius affirms that which 
he defcribes, neither to give fire with fteel, 
nor effervefce with acids. 

St^ECIES XXIV. 

Siliceous Earth mixed with mild Calcareous 
Earth and Iron. 

Itagg-Jlone. 

Its colour is grey ; its texture obfcurely la- 
minar, but the laminae confift of a congeries 
of grains of a quartzy appearance, coarfe 
and rough; its fpeciiic gravity is 2,729; it 
«ffcrvefces with acids, and gives fire with 
fteel. I found it to contain a portion of cal- 
careous Earth, and a fmall proportion of iron. 
It is ufed as a whetftone. 

Species XXV. 

Jfirenaceous ^artz confolidated by a [mailer 
proportion of Calcareous Earthy or ArgilU 
andjlill a fmaller of Iron. 

Siticeous Grit^ Sandjlone^ Freejlone^ Cos Are^ 
nariusy Grais. 

Under this fpecies I comprehend only 
^ttch as ftrikc fire with i^eel, and when 

jpoundedi 
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poundedi form a fand rather than a pow« 
der. 

I. VAAifiTV. 

Crit with a Calcareous Cement^ ^a4rum* 

A ftonc of this fort hath been already dc* 
fcribed under the calcareous genus. When 
it contains about 50 per cent, or more of filex 
it belongs to this fpeciesj it commonly contains 
alfo a fmall proportion of argill and iron ; it 
hardens by expofure to the air, and then ilrikes 
fire with fteel, and efFervefces (lightly with 
acids : it is fometimes cryftalized in rhom- 
boids, as at Fontatnhkau. 100 parts of this 
contain, by the experiments of Mr. Lajane^ 
62,5 of filex and 37,5 of mild calcareous 
Earth. Mem. Par. 1 777, p. 43. 

The Saxum margariticutn of Linneus be- 
longs alfo to this fpecies : it confifts of quartz 
in a calcareous cement. 

II. Variety. 

TVith an Argillaceous Cenfent. 

Thefe do not effervefee with acids, but they 
llrike fire with fteel, though fome forts are too 
foft to do fo until expofed for fome time to the 
air. The frce-ftone from Keredge^ near Mac^ 
clesfeld^ which is of a clofc grain, ia* of this 
fpecies. , Its fpecific gravity is 2,544. 

So 
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So alfo that of Broivnedge^ in Staffordjhirey 
which is fo perfeft a fand-ftone that its fpe- 
cific gravity is only 2,597; ^^^ '^^ whitifli 
grey freeftone from Uttoxeter. All thefe con- 
tain a little of iron. 

Stones of this fpecies are ufed for whetting 
tools, and for filtring water, and in fomc 
countries as flates. The principal diftinftioa 
among them arifes from the finenefs or coarfe- 
nefs of their grain and texture* Their colours 
are various, receiving different tinges from 
iron* 

Species XXVI. 

Siliceous Sand confolidated by femipblogijlicated 
Calx of Iron. 

This ftone does not fall into fand when 
powdered, and in this refpedJ: differs from 
the foregoing. It i^ generally of a brown or 
black colour, but grows reddifh or yellowifh, 
and moulders by expofure to the air ; its fpe- 
cific gravity is from 2,8 to 3,6 ; it gives fire 
with fteel, and does not effervefce with acids , 
urilefs it contains teftaceous particles, as it 
frequently does : it isevea often covered with 
{hells. 

The agglutinating power of folutions of 
iron has been ihewn in &n ingenious paper in 

the 
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ihc Philofophical Tranfaftions for 17791 p^ 
35^ by Mr, Edward King, who found a ftony 
concretion of this fort round irbrt^ which had 
been long buried in the fea* 

Mn Gaddf in the Swedilh . Memoirs for 
1770, relates, that Mr. Rtnman had found a 
fimilar concretion round an old anchor that 
had long been depofited in the fea. He alfo 
adds, from his own experiments, that dephlo- 
gifticated calces of iron, and particularly 
folutions made by the mineral acids, have not 
the fame binding power, but, ott the contrary, 
make loofe con,cretions, as Dr. Higgim has 
alfo Ihewn in a late very ufeful treatife on 
cemejltSr:::-, 

To this fpccies may be added the htack^ 
hcdvXy ^ojfy ^artz of Cron/ied, § ^^y which 
he fays is found in the mine of Stajl in 5^- 
dermanlandf and contains a large proportion 
of iron.« 

Compound Species in ivhicb the Siliceous Genus 
predominates^ 

Species L 

Compounds of the different Species of the Sili^ 
ceous Genus with each other. 



I Variety* 
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I. Variety. 
^arfz and ShoerL 

This ftone confifts of diflinft grains of 
each compaded together in various propor- 
tions. The quartz is generally white, or 
reddifh; the fhoerl, black, brown, white, or 
green : by fome it is called a granite. Some 
of the paving-ftones of London are of this 
fort 

II. Variety. 
^artz and Felt-fpar. 

The quartz is generally white ; the felt- 
fpar red, yellow, or brown : found in Hhe 
Alp^ by Mr. Saujfure^ from whofe excellent 
work many of the following defcriptions are 
taken. Mill-ftones and whet-ftones are often 
of this fort. 

III. Variety. 
Jade and ShoerU 

The flioerl is interfperfed through the jade; 
in a ftrong fire it mehs, but ^he jade only 
whitens. Saujfure Voyage dans les jilpes^ p. 
84. Its fpecific gravity is from 3,318 to 
3,389. The jade is yellowifh, the fhoerl 
green or black. 

L IV. Variety. 
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IV* Variety.- 

Jade^ Sboerl, and Garnet. 

Of confiderable hardnefs arid weight, with 
Idrge fpots of red, green, and yellow ; the ^ 
frirnet ted, the fhoerl green, and the jade yel- 
Idw, Sauffiire^ p. 107. 

V. Variety. 
Quartz, Felt-fpar, and Shoerly 

Granite. 

Thefe are fo well adapted to each other, 
that, as Mr. Saujfure well remarks, they 
fcoiiid riot hive been fo compared by an ac- 
cidental mixture of maffes pre vioufly formed, 
biit muft have cryftalized together. It may 
bfe feeii among the paving ftones of London. 
The quartz is white, the fhoerl black or vio- 
let, and the felt-fpar reddifh. 

VI. Variety. 

Puddingfloney Breccias. 

Stones which confift of a filiceous ground 
or cement, (commonly petro-filex, jafper, or 
filiceous grit) in which pebbles of filex Dr - 
agate are interfperfed ; if thefe be round or 
ovali are called puddingftones ; if angular, 
breccias. Of the coarfer forts mill-ftones are 
often made. Mem. Par. ly^^. 

VIL Variety. 
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VII. Variety* 

Coral Stone. 

This 18 an aggregate of onyx, fardonyXy 
rnelian amethyft, and quart:2. 

Species IL 

Compounds of the Siliceous with the Calcareous 
Species, 

I; Variety* 

V 

^artz and Spat.' 

Piftinfl; grains of each compared together ; - 
the quartz generally white and femi-tranfpa* 
rent ; the fpar of a brownifh yellow. Sauf^ 
furej 104. 

Species IIL 

Compounds of the Siliceous and Barytic Species. 

Species IV. 

Compound of the Siliceous and Muriatic Species. 

L Variety. 

^artz^ "Belt f par ^ and Serpentine^ 

II. Variety. 
Shoerl and Soap^rock. 
Compared of diflind mafles of each^ 
Sauffure 104, The foap< rock is green, and 
h 2 the 
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the (hocrl black. It gives fire with fted, 

when the (ho^rl ie ftru^. 

III. Variety. 
Quartz and Steatites. 

Obferved alfo by Mr. Saufure, the quarts 
whitei and the fteatites green. 

IV. Variety. 
^artZt Shoerlt and Steatites, 

The fteatites inclofed in the quartz in the 
form of black kernels. 

Species V. 

Compounds of the Siliceous^ and Argillaceous 
Species. 

L Variety. 

i^rtsi and Mica. Stellften of the Swedes. 
Granitello. 

It ftrikes fire with ftecl, and does not 
cafily melt; and hence ufed for furnaceSf &c. 
When the mica abounds it is of a lamellar 
texture^ its colour is generally grey, or green ; 
the mixture of mica prevents the filex or 

quartz 
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quartz from cracking or fplitings and hence 
its infufibility and ufe in Airnaccs* 

II. Variety. 

Felt/par and Mica^ 

Granltone. 

This ftone is mentioned by FerbcTy in his 
letters from Italy^ p, ii8. A ftone of this 
fort which moulders by expofures to the air, 
is found in Finland^ and is faid to contaiq 
fometimes faltpetre, and fometimes common 
fait, it is there called Rapakivi^ I Linn^ voa 
Gmelin, 621. 

III. Variety. 
^artz and Horttrjlone. 

In fmall diftinft grains compared together, 
this is found plentifully in the mountain of 
Penntaiimaure in Wales. It exhales ap earthy 
fmell, gives fire with fteel, and is of a thick 
lamellar texture: its fpecific gravity is 2,81 1. 
the quartz is white> and the horn-ftone black, 
which gives the ftone a bluifh appearance. 

IV^ Variety. 

^artz^ Felt/par y and Micaj or ^artz, ^hoerl 
and. Mica. 

Granite^ Moorjione. 

This ftone confifts of diftind mafTes of 

each, firmly compacted together, their pro* 

L 3 portion 
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portion and fize are extremely variable, as 
well as their colour. The three firft confti- 
tute the hardeft fort of the granite, and moft 
anciently known; that into which the fhoerl 
enters, is more fubjeft to decompofition ; it 
never has any particular texture, but confifts 
of enormous fhapelefs mafles, of great bard- 
aiefs^ 

In the finer granites, the quartz is tranfpa- 
rent, in others generally white or grey, violet 
JOT brown ; the fekfpar, white, yellow, red, 
green, or black, it is generally the moft copi-- 
Otis ingredient. The mica is alfo grey, brown, 
yellow, green, red, violet or black, and is 
commonly leaft copious. The fhoerl is gene- 
rally black, and abounds in the granites that 
contain it. Hence the colour of granites 
chiefly depends of the feltfpar or fhoerl. The 
red granites confift commonly of white 
quartz, red feltfpar, and grey mica. The 
grey of white quartz, grey or violet feltfpar, 
and black mica. The black commonly con- 
tain ihoerl, infiead of feltfpar. The green 
commonly contain greenifh quartz. 

If granite be expofed to a blowi-pipe, its 
different concretions feparate from each other. 
In a crucible, Mr. Gerhard found the feltfpar 
melted into a tranfparent glafs ; under it the 
jnica lay In the form of a black flagg, and 

the 
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the quartz remained unaltered; but whei^ §|1 
three are powdered and mixed, ^t o^elts 
fomewhat better, yet ftill the quartz ij[)ay be 
diftinguifhed by the b^lp of a lens. Cerb. 
Cefch. § 51. This well explains why ^||1 
white grains are frequently found in lafraf. 
Mr. U Arcei*s experiments coincide with jtluf, 
and ^Ifo thofe of Mr. Sau£tire^ p. 124. 

V. V^KiExy. 
^artZj Felt/par^ Shoerl and Mica. 

This is alfo a fort of granite obiervci^ j»r 
Mr. Sau/fure in the Alps. 

VI. Variety. 
^ade^ Shoerh and Mica. 

A fort of granite obferved by Mr. San^j/n:, 

VII. Variety. 

^iartZj Garnety and Mica^ Norka^ Murkjlein. 

This is either grey or reddifli, and ufed 
for mill^ftones, the mica is Xoon woiie pff. 

VIH, Variety. 

Porphyry. 

Under this name I comprehend with Mr. 

Sauffurcy all thofe^ftones which in a compaA 

L 4 fiUceoua 
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filiceous ground (generally jafper, cherts 
ihoerly or lava) contain either feltfpar, quartz^ 
f^oerl) mica^ ferpentine, or other fpecies of 
Hone in a, cryfialine form. When its ground 
is jafper it is hard. It is commonly either 
red, purple, grey, green, or black, according 
to the ground. The red commonly contains 
feltfpar in fmall white dots or fpecks, and 
often together with thefe black fpots of fheerl. 
The green is either a jafper or fhoerl, with 
fpots of quartz or flioerL Sometimes a por- 
phyry of one colour contains a fragment of a 
porphyry of another colour; the green are often 
magnetic. Thofe that have chfert for their 
ground, are fufiWe />erfe, 

Species VI. 
Compounds of the Siliceous, and various Genera^ 

I. Variety. 

!• ^artz^ Mica, and Serf entine^ 

2. Siuartz, Mica, and Steatites. 

3. ^artz^ Mica^ and Shoerl, together with 
Serpentine or Steatites, or Soap-rock. 

. 4. ^rt^, Felt-fpar, Mica^ and Serpen^ 
tine* 

All 
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All thefe ftones are called Gnei/s, and are 
generally of a lamellar texture. 

n. Variety. 

Atnygdaloides^ Mandelfteinof/omi. 

This confifts of a chert or jafper ground^ 
in which fragments of calcareous fpar, and 
ferpentinC) of an oval form, are contained. 

III. Variety. 
VartoUte. 

This isfaid to be a tompound of all forts 
of ftones, included in a ground of ferpentine. 
Ferber, Italy ^ p. 120. 

IV. Variety. 
Metallic Stone of Linntsus and Bom. 

It confifts of Quartz, clay, and fteatitest 
and is of different degrees of hardnefs, fome- 
times the fteatites is wanting, fometimes felt- 
fpar is found in it. 

V. Variety. 

^artZy Spar, and Mica. Saxum Angermami^ 
cum of JJnmus. 

CHAP. 
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CHAP. IX. 

Oj Vegetable and Animal 'Earths. 

Vegetable Earth.has been thought by many 
to be of a peculiar nature, fpecificadly difFereiit 
from every other; but late e^perijweuts have 
fwllyjhesvx^ 

i^^- That vegetables contain but a very 
fmall proportion of Earth of any fort, and 
that far the greater part of their fubftance 
confifts of water, fixdd air, and inflammable 
air iu a concrete ftate, as xegnipte principles, 
a fmall proportion of fixed alk^i which pro- 
Tjably is neutralized by vegetabli? acids, aivi 
a few other neutral falts. TIhis according to 
the lateft experiments, 33 pound of oak; 
afford only 3 drachms of alhes, Memoirs of 
Stockholm^ 1 78 1. 

2^^y- That the Earth ^ vegetajjles is for 
the greater part, either calcareous^ or a mij^- 
ture of all forts of Earths, .and fometimes 
of the calces of iron and manganefe, in vari- 
ous proportions, according to the fpecies of 
the vegetable. Thus Mr. Bergman found the 
aflxes of fome vegetables toycojpt^ ^Ic^^ous, 
ponderous, muriatic, argilJaceow> APd ,evea 
iiliceous Earth ; and hence aflxes effervefce 
wilhjieids, and are fufible />^ry^> even after 

perfect 
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perfeft Uxiviation. He alfo found fometime* 
jmimal Earth, (that is pholpboric feleaite,) 14 
afhes. The Earth remaining after the putrefac- 
tion of vegetables, is exafkly of the lame nature. 
Scheffer^ ^ I'jz. Mn MorveauiounA the afh^es 
of fome vegetables to contain 97,5 per cent, 
of calcareous Earth, the remainder magnefiia. 
Mr. Berniard^ Mr. UArcet^ and Mr. Achard, 
have had nearly the fame refults. t 9 Roz^ 52* 

The neutral falts moft ufually found in 
afhes, are tartar vitriolate, glauber's fait, 
common fait, digeftive fait, and felenite, alfo 
hepar fulphuris ; according to Model a pound 
of rhubarb contains an ounce and a half of 
felenite. 

Hence we fee why clay is fo unfavourable 
to vegetation, and how calcareous Earth is 
introduced into the bodies of animals. 

Animal Earthy is obtained either from the 
Ihells of fiih, or from thofe of eggs, or from 
pearls, or from the bones, horns, claws of 
land animals, or from the fkins of infe£ts. 

That obtained from the fhells of fifh and 
from thofe of eggs, is found by repeated expe- 
riments to be purely calcareous ; only oyfter 
ihells difcover fome feeble veftiges of felenite, 
Ber^m. on Scheffer^ § 173, that obtained 

from 
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from bones, horns, claws, teeth, &c. was 
found by Mn Gahn^ to be a calcareous Earth 
united to the phofphoric acid ; hence the 
fphition of bones in the mineral acids can 
never be neutralized, a circumilance which 
puzzled all preceeding chymifts, but which 
is now perfeftly underftood, as fuch folution 
is in faft only the folution of a neutral fait 
if the bones be diflblved in the nitrous or 
marine acids, or a decompofition of a neu- 
tral fait, if the vitriolic acid be ufed as a 
folvent ; in either cafe a free unfaturated acid 
muft be found. However fbme bones con- 
tain an excefs of phofphoric acid, and fome 
an excefs of Earth, as ivory, whence fome 
have imagined this latter to contain a pecu- 
liar Earth. Some late and accurate experi- 
ments relating to the proportion of phofpho- 
ric acid in bones by Mr. Bemiard, may be 
feen in Rozier^s journal, for 1781, p. 280, 
1782, p. 43. 

The phofphoric acid is feparated from this 
Earth by calcining the bones to whitenefs 
then diffblving them in nitrous acid, and 
precipitating the calcareous Earth by the 
concentrated acid of vitriol. A felenite is 
thus obtained (decompofable either by calci- 
nation with charcoal, or by boiling in a 
folution of mild fixed alkali,) and the phof« 
phoric acid remains in the liquor. 

APPENDIX 
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APPENDIX I. 

Of Diamond and Plumbago. 

Thefe fubftances cannot well be arranged 
under any of the claffes of minerals ; not 
under that of Earths as they contain no 
Earth, nor under that of inflammables, ai» 
their inflammability commences in fuch high 
degrees of heat, and is fo gradual that it can 
icarcely be remarked but by its efFe£l in dimi* 
nifliing the weight of thefe fubftances after 
a long expofure to fire ; fo that they differ 
intirely from all other inflammables, whence 
I think it convenient to treat of them a part. 

Diamond. 

Diamond is always tranfparent, and moftly 
colourlefs, but fometimes tinged, yellow, 
reddiih, green, blue, or brown; it is fome- 
times externally, but always internally bright j 
it is generally cryftalized in oftohedral cryftals , 
but fometimes found in round maffes : its 
texture is lamellar* 

It ftrikes fire with fteel, cuts the hardeft 
cryftals, and even rubies, being the hardeft 
of all bodies : its fpecific gravity is from 3,5 
to 3,66. 

Ng 



ijS Elements of Mineralogy. 

No acid has any eflpeft on it, except the 
vitriolic; if diamond pOwder be triturated with 
this acid, and evaporated nearly to drynefs, 
the acid grows black and depofits pellicles, 
which burn and are almoft entirely con- 
fumed. 

In a heat fomewhat greater than that in 
which filver melts, diamond is intirely vola- 
tilized and confumed; it even produces a 
flight flame and diminifhes common air, juft 
as phlogiftic fubftances do, and leaves a foot, 
fo that the extraordinary conjefture of Sir 
Ifaac^ Newtotiy of its being an inflammable 
fubftance coagulated is fully confirmed. Of 
the ufual fluxes, only borax and microcofmic 
fait have any eff^ed on it. 

It is found in Golconda, Vifapourj Bengal, 
the ifland of Borneo^ and Brazil. 

The nature of cubic diamonds has notyet 
been examined. 

J^lumbagOy Reijsbley^ of the GermarHs^ Blyertz^ 
of the Swedes. 

This fubftance is externally black, but 
bluifli white and Ihining like a metal when 
frefh cut : its texture is micaceous and fcaly^ 
yet granular. It is ufcd for pencils* 

It 



Of PIumbag§. ^ t50 

It is too foft to ftrikc fire with fteel : its 
fpecific gravity is from 1,987, to 2,267. 

It is infoluble in the mineral acids. 

In a ftrong heat and open fire it is wholly 
volatile, leaving only a little iron, which 
feems to be only accidentally found in it, 
and a few grains of filex. 

The ufiial fluxes do not efFed its fufion. 

It is decompofed by detonnatipn with ni- 
tre, in a red hot crucible. 

According to Mr. Scheele, wlio firft dif- 
covered the nature of this mineral, i part 
plumbago requires 10 of nitre to decompofe 
it, whereas i part charcoal requires but 5 of 
nitre : hence it contains twice as much phlo- 
gifton as charcoal does. By receiving the air 
. arifing from its decompofition in a bladder, he 
found y of that air to be abforbable by lime 
water, and confequently to be fixed air, and 
in the remainder a candle would burn : but as 
nitre itfelf might afford fixed air by com- 
bullion, to get rid of all objeftions, he de- 
compofed plumbago by fiibliming and re- 
ducing, the arfenical acid, after mixing it with 
plumbago ; and thus alfo he obtained fixed 
air. It is probable that 100 grains of it con- 
tain 
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tain 33 of aerial acid, and 67 of phlogifton i 
for ICO grains of nitre contain about 33 of 
real nitrous acid. This is decompofed when 
It receives as much acid as is neceflary to 
convert it into nitrous air, or a little more. 
Now ^^ grains of nitrous acid are converted 
into nitrous air by about 6,7 grains of phlo- 
gifton : then lOiX) grains of nitre require for 
their decompofition 67 of phlogifton : and 
fince 100 grains of plumbago decompofe 
1000 of nitre, they muft contain 6y of phlo- 
gifton. 

APPENDIX ir. 

Of the generah Examination and Analxfis of 
Earths and Stones. 

Section I. 
Of the Examination of Earths. 

When Earths are well dried and feparated 
from every vifible heterogeneity, a portion of 
them fhould be weighed and diftilled in aglafs 
retort, until the bottom begins to grow red hot. 
In fome cafes it may be proper to receive the 
air that arifes, in a pneumatic apparatus i in 
all it will be proper to examine what diftills 
over, or fublimes, whether it be acid or al- 
kaline, with paper tinged blue by litmus, and 
partly reddened by diftilled vinegar : if the 

blue 
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blue be reddened, an acid exifts in the diftil- 
led liquid ; if the red be effaced, and the blue 
reftored, a volatile alkali is the caufe of it : 
if the liquor precipitates lime water, but does 
not precipitate nitrous felenite, then it con- 
tains fixed air : if it precipitates alfo nitrous 
felenite, it contains the vitriolic acid : if it 
contains the marine acid, it will not precipi- 
tate nitrous felenite, but it will the nitrous 
folution of filver: The lofs of weight of 
the refiduum in the retort, and the weight of 
the water in the receiver, will (hew the pro- 
portion of the volatile ingredients. 

Another portion fliould be digefted in about 
6 or 8 times its weight of pure water, and 
the properties of that water examined, to 
find whether the Earth contains neutral falts. 
Here the method given by Mr. Bers^mah in 
his analyfis of mineral waters, fliould be fol- 
lowed. 

Section II. 
Of the general Examination of Stones. 

Their fpecific gravity fliould firft be exa- 
mined; alfo their hardnefs; whether they 
will ftrike fire with fleel, or can be fcratched 
by the nail, or only by cryftal or ftones of ftill 
greater hardnefs j alfo their texture, perviouf- 

M aefs 
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ncfs to light, and whether they be manifcftly 

homogenous or compound fpecies, &c. 

2^' In fome cafes one fhould try whether 
they imbibe water, or whether water can ex- 
trad any thing from them by ebullition or 
digeftion. 

^^* Whether they are foluble in^ or effer- 
vefce with acids, before or after pulveriza- 
tion ; or whether decompofable by boiling in 
oil of tartar, &c, as gypfums and ponderous 
fpars are. 

^th. Whether they detonnate with nitre. 

5^^- Whether they yield the fparry acid by 
diftillation with oil of vitriol, or a volatile 
alkali, by diftilling them with fait of tartar. 

6'*^ Whether they are fufible per/e with a 
blow-pipe, and how they are afFefted by 
mineral alkali, borax, and microcofmic fait ; 
and whether they decrepitate, when gradually 
heated. 

7^ Stones that melt per/e with the blow- 
.f)ipe are certainly compound, and contain at 
leaft 3 fpecies of Earth, of which the calca- 
reous is probably one ; and if they give fire 
with fteel, the filiceous is probably another. 

Section III. 
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Section IIL 
Of the Analyfis of Earths and Stones. 

The beft general folvent for Stones or 
Earths feems to me to h^Jqua Regia, com- 
pofed of two parts nitrous, and one of marine 
acid : if the ftone or Earth effervefces ftrongly 
with acids, no other preparation is^requifite 
than a feparation of fuch parts as aire vifibly 
heterogenous^ and pulverization; thefolution 
is then eafily performed in a digefting heat, 
if requifite. The undiffolved refiduum, if 
purely filiceous, will melt into a tranfparent 
glafs with about i its weight of mineral al- 
kali 5 if not^ it is ftill compounded, and its 
foluble parts will yield to a reiterated di- 
geftion. 

If the ftone does not efiPervelce, or eafily ' 
diflblve in acids, after pulverization and di- 
geftion, but leaves an infoluble refiduum 
evidently compound, or but flightly altered, 
it will require to be pulverized and mixed 
with twice or thrice its weight of mineral 
alkali> and to be expofed to a low red heat 
for on^ or two hours. I found mica to re- 
quire k mixture of 4 times its weight of 
mineral alkali ; after which it is to be fepa- 
rated from the alkali by lixiviation and filtra- 
tion, waihing it with diftilled water until the 
Ma water 
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water is abfolutely taftelefs and precipitates no 
metallic folution. 

The powdered ftone, thus edulcorated, is 
to be dried by heating it to rednefs, and then 
Weighed, and 100 grains taken for fubfequent 
-experiments : it were better if ftill more were 
ufed, but the analyfis would be more expen- 
five. 

The powder is next to be digefted in 8 or 
^10 times its weight of aqua regia^ in a boil- 
ing heat in a retort to which a receiver is luted, 
and the digeftion reiterated as long as any 
thing appears to be diffolved by frefh portions 
of the acid. I found mica to require 50 
times its weight of aqua regia before it was 
entirely decompofed, as the acid is fo volatile 
as very foon to diftill over. Oil of vitriol 
has the advantage of bearing a greater heat, 
diflblving barofelenite, and of ading more 
powerfully on argill than aqua regia ; but a 
large retort muft be ufed, for, often towards 
the end it puffs and throws up the Earth or 
ftone, and carries it into the receiver \ and it 
does not fufficiently a£t on calces of iron, if 
thefe be much dephlogifticated. Spirit of 
nitre affedts them ftill lefs : hence I often ufc 
oil of vitriol firft, then precipitate by a mild 
alkali what it has diffolved, and rediffolve the 
precipitate in aqua regia. A perfeft folu- 
tion 
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tion being thus efFefted, the refiduum is ta 
be well waflied, and the wafhings added to 
the foluiion : the refiduum, well dried and 
weighed, gives the weight of filiceous Earth 
in the compound. 

The folution is next to be examined j 
which I will fuppofe to contain the 4 foluble 
Earths, calcareous^ ponderous, magnetia, an4 
argill, and alfo a calx of iron : it always 
contains an excefs of acid, of which it is in 
great meafure deprived by boiling for a con- 
fiderable time, as both acids are very volatilCf 
and indeed, of the marine none remains but 
what is combined with the calx of iron, as 
the nitrous chafes it from the Earths. By get- 
ting rid of this excefs of acid, lefs alkali will 
be required for the fucceding precipitation, 
and leis aerial acid fet loofe which would retain 
much of the precipitate by re-diflblving it: 
the folution fhould then be evaporated to 
about I a pint. 

The folution being thus prepared, it is 
ufual to precipitate the calx of iron from it 
by the Pruflian alkali ; but to this method I 
have two objeftions; i^^* that the ponderous 
Earth, if any, would alfo be precipitated and 
confounded in the Pruflian blue ; and 2^ that 
this precipitation, befides being exceeding 
flow, feldom fails of leaving fome iron ftill 
M 3 in 
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in the folution, as the cxcefs of the Prufflan 
^kaU, which muft neceflarily be added» to be 
certain that all the iron is precipitated, never 
fails to re-diffolve a portion of the PruflGan 
blue which thus remains in the liquor, and 
cannot be got rid off. Hence the method I 
Afe is as follows : firft, I prepare the Pruflian 
alkali after the manner of Mr, Bergman^ by 
digefting and boiling a pure alkaline folution 
over Pruflian blue, until the alkali no longer 
cflFervefces with acids, nor precipitates a folu- 
tion of nitrous felenite, or any other Earth, 
except the barytes : I even make it a little 
llronger ; for if it be barely faturated with the 
tinging matter, it foon fpoils and precipitates 
other Earths, the tingrtig matter evaporating. 
I next examine how much of this alkali is 
neceflary to precipitate i gr. of iron fi-om its 
folution in dilute vitriolic or marine acid, and 
I mark this on the label of the bottle that 
contains the alkali. I now come to the apr 
plication. 

The folution of the earths being weighed 
I take ICO grains of it, and on thefe I gra^ 
dually pour the Pruflian alkali (a portion of 
which is alfo previoufly weighed) until all 
the iron, or ponderous Earth and iron, is pre- 
cipitated; the weight of the alkali ufed, gives 
that of the iron contained in loo grains of 
the folution, and the (quantity contained in 

»09 
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100 gr. of the folutioiif gives that contained in 
the whole folution, by the rule of proportion^ 
from which the ponderous Earth, if any be 
found in fubfec^uent experiments^ is to be 
dedudled* 

The quantity bf iron being thus found, 
the remainder of the folution is to be preci- 
pitated by aerated mineral alkali, and then 
boiled for half an hour to expel as much as 
poffible of the fixed air; by this means 
the whole of its contents are precipi- 
tated, and nothing remains in folution, but 
cubic nitre and a little common fait ; when 
the precipitate has fettled after one or two 
days reft, the liquor is to be poured off, and 
the laft portions taken up with a glafs fyringc. 
Diftilled water is then to be added to the 
precipitate and boiled over it, and afterwards 
poured off and taken up until it comes of 
taftlefs. 

The precipitate being fufHciently dried, i$ 
to be re-diffolved in nitrous acid twice, and 
evaporated to drynefs, then calcined for 
one hour in a white heat, and Jaftly treated 
with about fix or eight times its weight of 
diftilled vinegar, in a heat of about 60 de*^ 
grees, for one or two hours ; by this means 
the ponderous, calcs^reous, and magnefia 
Earths will be ?xtradlcd and feparated fronpi 

M 4 the 
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the argill and calx of iron, which will remaia 
undiflblred. 

Of this acetous folution loo grains fhould 
be taken and examined with the Prullian 
alkali, if any part be precipitated it is pon- 
derous Earth, and by heating this to rednefs 
its weight may be known, or ftill better by a 
previous experiment, determining the quan- 
tity requifite to precipitate i gr. of acetous 
barofelenites, and by the rule of proportion, 
the quantity of it in the whole folution may 
be found. 

The remainder of the acetous folution, is 
to be evaporated to drynefs, and heated white 
in a clean polifhediron crucible for two hours, 
then weighed and thrown into hot diflilled 
water, the calcareous Earth, (if any,) will be 
diffolved in a fuflScient quantity of this water, 
of which ah ounce can fcarcely diflblve i gn 
fo that frequent afFufions of hot water may 
be requifite; the magnefia will remain undif- 
folved, and is to be dried and weighed, its 
weight gives that of the pure calcareous Earth, 
jfrom which that of the ponderous (if any) is 
to be deduded ; the lime-water may alfo be 
precipitated by an aerated alkali, 

Laftly, the argill and calx of iron, which 
remained undiflblved by the acetous acid, 

are 



AnaJyfis (f Earths md Stones. 169 

are to be heated flightly, to prevent their co* 
hering and reiteratcdly boilfed in depWogifti- 
cated nitrous acid to drjrnef$» and finally dif-^ 
folved in that acid, which will then take up 
only th6 argilU which may be precipitate^ 
dried and weighed; though indeed this trou* 
blefome operation may be unnecefiary» a$ the 
weight of the martial part being known by 
the experiment, with the Pruffian alkali ; tha£ 
of the argill is known of courfe, when only 
the two remain. This is even better, as the 
calx always increafes in weight by thefe ope- 
rations. 

Befidcs this general method fome others 
may be ufed in particular cafes* 

Thus to difcover a fmall proportion of argill^ 
or magnefia^ inafolution of a large quantity of 
calcareous Earthy cauftic volatile alkali may 
be applied, which will precipitate the argill or 
magnefia, if any be, but not the calcareous 
Earth. Diftilled vinegar applied to the pre- 
cipitate, will difcovcr whether it be argill or 
magnefia. 

2*^^x- A minute portion of calcareous or pon^ 
derous Earthy in a folutim of argill or magnefa^ 
may be difcovered by the vitriolic acid, which 
precipitates the calcareous and ponderous, 
the folution fliould be dilute elfe the argill 

alfo 
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alfo would be precipitated. If there be not 
an excefs of acid, the faccharine acid is ftiH 
a nicer teft of calcareous Earth. lod gr. of 
gypfum contains about 32 of calcareous 
Earth. 100 gr. of barofelenite contains 84 of 
ponderous Earth. 100 gr. of faccharine fe- 
lenite contains 45 of calcareous Earth : the 
infolubility of barofelenite in 500 times its 
weight of boiling water fufficiently difHn*r 
guifhes it. From thefe data the quantities are 
eafily inveftigated. 

^^ly- ^ minute proportion of ar gill in a large 
quantity ofmagnefta^ may be difcovered either 
hj precipitating the whole and treating it 
with diftilled vinegar, or by heating the folu^ 
tion nearly to ebullition, and adding more 
aerated magnefia untill the folution is per- 
fectly neutral, which it never is when argill 
is contained in it, as this requires an excefs 
of acid, to keep it in folution. By this 
means the argill is precipitated in the ftate of 
embryon alum which contains about I its 
weight of argill, (or for greater exadnefs it may 
be decompofed by boiling it in volatil alkali.) 
After the precipitation the folution fhould be 
largely diluted, as the Epfom fait, which re- 
mained in folution while hot, would preci- 
pitate when cold and mix with the embryon 
alum. 
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^ibiy. ^ minute portion of tnagnefia in a 
large quantity of argill is beft feparated by 
precipitating the wholfe apd treating the pre- 
cipitate with diftilkd vinegar. 

Laftly, Calcareous Earth and Barytes are 
feparated either by precipitating the barytes 
by the Pruffian alkali, or the calcareous by a 
cauftic fixed alkali, or by precipitating both 
with the vitriolic acid, and evaporating the 
folution to a fmall compafs, pouring off the 
liquor and treating the dried precipitate with 
coo times its weight of boiling water j what 
remains^ uddiiTolyed is barofelehite. 

Table of the comparative hardnefs of different 
Species of Stones^ extraSled chiefly from the 
Memoirs of Stockholm^ far 1768. 

Mr. ^ifiy the author of this Memoir de«^ 
termined the hardnefs of moft of the follow- 
ing ftones, by obferving the order in which 
they were jible to cut and make an imprefiion 
on each other. The firft are able to cut or 
fcratch the fucceeding, but not vice verfa. 
He added alfo the fpecific gravity of the fpe- 
cimens he ufed; the firft Column Ihews the 
hardnefs; the' fecond, the fpecific gravity* 
The four laft fpecies I have added from my 
pwa pbfejTvation. 

Diamond 
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Diamond from Ormost - 20 

Pink Diamond, - - 19-3,4. 

Bluifh Diamond, - - 19 " 3»3 

Yellowifh Diamond, - 19 - 3»3 

Cubic Diamond, - - 18-3,2 

Ruby, - - . - 17-4,2 

Pale Ruby from firtfzi/, - 16-3,5 

Spinel, - - - 13-3*4 
Deep blue Sapphire, - - 16 - 3,8 

Ditto paler, - - - 17 - 3»8 

Topaz, - - - 15-4*2 

Whitifh ditto, - . - 14 - Z*S 

Bohemian, - - - n - 2,8 

Emerald, - - - 12-2,8 

Garnet, - - - 12 - 4,4 

Agate, - - - 12-2,0 

Onyx, - - - *^<. ■ ^'^ 

Sardonyx, - - - 12-2,6 
Amethyft, - - -11-2,7 

Cryftal, - - - 11-2,6 

Carnelian, - - - 11-2,7 

Green Jafper, - - 1 1 - 2,7 

Red ifh yellow ditto, - 9-2,6 

Shoerl, - - - 10 - 
Tourmaline, - - - 10 - 

Quartz, - - - 10 - 2,7 

Opal, - - „ - - 10 - 2,6 

Chi-yfolite, - "- - 10-3,7 

Zeolyte, - - - 8-2,1 

Fluor, - - - 7 - 

Calcareous Spar, - - 6 - 

Gypfum 
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Gypfum, • • 5 • 

Chalk, . - - 3 - 

Remarks. 

i^^ Artificial gems are eafily diftinguiihed 
from the natural, by their foftnefs, fufibilityt 
folubility in acids, and in many cafes by their 
fpecific gravity, 

2*"^- Stones whofe hardnefs does n6t exceed 
1 1 may be fcratched by fteel. 

3^y- It is remarkable that opal whofe hard- 
nefs is equal to that of quartz, does not ftrike 
fire with fl^el, as Mr. Bergman attefts, is 
this owing to its brittlenefs ? but it feems that 
opals are of different degrees of hardnefs^ 
for Mn ^tfl in a letter to Mr. Rinman^ men- 
tions his having feen opals nearly as hard as 
diamond. Mem. Stock. 1766. 
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PART IL 

Saline Subftances. 

ALL thofe fubftances which are kctowri 
only by this denomination, require lefs 
tiian two hundred times their weight of boil^ 
ing water to diflblve them. 

They have moftly a peculiar taftc, and 
thofe of the mineral kind are uninflam- 
mable. 

CHAP. L 

Of jicids. 

The Acids to be met with in the mineral 
kingdom, are the aerial^ the vitriolic^ th? 
marine^ the /parry y the fuccinousy phofphoric^ 
molybdenouSy arfenicaly and tung/ienic. 

The Aerial Acid is found either in art 
aerial ftate, as in mines, caverns, wells, or 
combined with water in mineral or common 
fprings, or combined with abforbent earths^ 
or in ores, &c. it is eafily known by its pro- 
perty of extinguifhing lights, uniting to 
water, arid then precipitating lime water, 
but not a foliftion of nitrous felenite. 

The 
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The Vitriolic when dephlogifticated, is 
always united to water, and as in the Earth, 
it muft meet with bodies with whieh it is 
capable of combining, I believe it has never 
been found free from all combination, though 
it may unite to fome bodies beyond the point 
of laturation. It is true Mr. Baltajfari fays, 
he found fome dry concentrated acid, adhe- 
ring to felenite in a grotto in Monte Zaccolino 
near Sienna. 7 Roz. but this has been fully 
difproved by the fubfequent obfervations of 
Mr. Murray^ in the 37th voL of the Me- 
moirs of Stockholm. In a combined ftate it 
is found in various neutral falts. 

The pblogijligated or fulphurous vitriolic 
acid, frequently occurs in a free aerial ftate, 
burfting from volcanic mountains, and alfo 
in fome caverns and mineral waters. 

Of the other acids, none has hitherto been 
' found in an uncombined ftate, except the 
fedativcj which has lately been found by Mr. 
Hcsffer^ diffolved in the Laguni^ or lakes of 
hot mineral wattfr near Monte Rotundo^ Ber^ 
chiaio^ and Cajielnuovo in Tufcany^ in the pro- 
portion of nearly 9 grains in 100 of water. 
Mr. Mqfcagni has likewife found it^adhering 
to ftiiftus on the borders of the lakes, of a' 
dirty white, yellow or greenifti colour, and 
cryftalized iii the form of needles, 1 6 Roz. 364. 

This 
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This Salt requires at leaft 20 times its 
own weight of boiling water to diflblve it, 
and 50 times its weight to keep it in fo- 
lution. It is alfo foluble in hot fpirit of 
wine, and this folution burns with a greenifli 
flame. Its folution in water, when heated, 
turns that of litmus red. It vitrifies in a 
moderate heat, but the glafs fo formed is 
again foluble in water. Its fpecific gravity 
is 1 ,479. 

The Nitrous Acid^ though generally 
ranked among , the mineral acids^ can fcarce 
be called fo, as it always requires for its for- 
mation, the putrefaftion of animal or ve- 
getable fubftances. It is never found dif^ 
engaged from all bafes (except perhaps in 
charnels and privys), but always united either 
to alkalis or Earths. 

The Marine Acid is found only in a ftate 
of combination with alkahs, earths and fome 
metals. 

The Sparry is found in fluor fpars, lapis 
lazuli, chryfoprafium, and phofphoric blende. 

The Succmousy found only in amber. 

The 
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The Phofphoric has as yet been difcovered 
only in foffile bones, and in one fpecies of 
lead ore. It probably owes its origin to the 
decompofition of bones. 

The Molybdenous acid beipg very lately 
known, ha§ been found only in molybdena. 

The Arfinical acid has been traced in the 
ores of other metallic fubftances, particularly 
of cobalt. 

The Tungften acid has hitherto been found 
only in the calcareous ftone, called Tungften* 

C H A P. II- 

Of Alkalis. 

Thefe arc of two forts, fixed and volatile; the 
fixed are either of vegetable or* mineral origin, 
which differ in a few properties, but it is to 
be obferved, that fome vegetables afford alfo 
an alkali intirely fimilar to that of mineral 
origin, particularly marine plants, or thofe 
that grow near the fea ; neither of them is 
ever found in a cauftic flate, but all are com- 
bined at leaft with the aerial s^cid. They 
then effervefce with moft other acids, turn 
infufions of blue flowers of certain vegetables 

N green. 
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green, cryftjtlifc with tfee three ancient mineral 

The Vegetable Alkali is feldom found in 
the earth, except in wells in towns, as at 
Howay^ &c. 4 Mem. Sta^. Etr. alfo in the 
argillaceous alltim ore of la Tolfa^ and united 
to the nitrous acid near the /urfac.e of the 
earth in Spain and the J&q/i Indies^ probably 
from the putrefa<3:ion of vegetables. 

The Mineral Alkali is not only found in a 
ftate of combination with the vitriolic and 
marine -acids, but alfo very commonly with 
the aerial, with which it retains, not only 
the name, but many of the properties of a 
free alkali, as the aerial acid is eafily ex- 
pelled. In this mild ftate it is eafily known 
by its cryftalization, folubility in 2,5 times 
its weight of water, in the temperature of 
60, efflorefcence by expofure to the air, ef-^ 
fervefcence with acids^ ^nd the properties of 
the different neutral Salts, refulting from its 
union with the different acids, decompofing 
terreno^ncutTdl and ammoniacal Salts, &c. 

100 Parts of this alkali, when perfedly 
pure and recently cryflalized, contaip ac-^ 
cording to Mr. Bergman^ 20 of mere alkali, 
16 of aerial acicjf and 64 of water ; my de-» 

termination 
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termiaatk)n was fomething difFeMM frboi 
this^ but then the Salt had h^ fbme df ks 
water by expofure to the ain 

This alkali is founi m If^f^ary in marihy 
grounds of an argillaceous pr marly nature, 
either mixed with earth, or cryftalized and 
efllorcfcing* In Egypt it is found at the 
bottom of lakes, dricil up by the fu-mmer't 
heat* Alfo in the province of Suchena, 2& 
days journey from Tripoli^ where it is called 
Trona^ 35 Mem. Stock, alfo in Syria^ Perfia^ 
the Eqft Indies^ and Cbina^ where it is known 
under the name of Kien. It is frequently 
met with germina^tiag on walls-, and is by 
many called j4phronitron\ alfo in many mi*- 
neral waters. It is in its nativ€ ftatc fr^ 
quently mixed with muriatic Earth, common 
fait, and marine Epfom, or marine felenife. 

VoJatil Alkali, in a mild ftate, is eafily 
known by its fmell> its volatility and it's 
aftion on copper, the folutions of which, in 
the mineral acids, afe turned blue by if. It 
is frequently foundi though in fmall quan- 
tity, in mould, marl, clay, fhiftus, atid in 
fome mineral waters according to Mklouin. 
Mem. Par. 1746. Phil. Tranf. 1767. 2 
Bergm. Erde Kugel. 304. It probably de- 
rives its origin in the mineral kmgjdom from 

N 2 the 
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the putrefaftion or combuftion of animal or 
vegetable fubftances* In a caufUc flate it 
never occurs, 

C H A P. III. 

Of Neutral Salts. 

Thefe Confift of an acid, united either to 
an alkali. Earth, or metal, of each bf whicU 
combinations w? fhall treat in their order* 

Species I. 

Tartar Vitriqlate^ 

This is very feldom found native; Mr. 
Boivles fays it is contained in fome Earths in 
Spain. Bowles Spam, 68. 

It requires about 1 6 times its weight of 
water to diflblve it in the temperature of 60, 
jtnd only 5 of boiling water, it forms non 
deliquefcent permanent cryftals, decrepitates 
when heated, but lofes but little of itg weight, 
is of very difficult fufion, precipitates the 
nitrous folutions of filver, lead, mercury, an4 
chalk, is not rendered turbid by the addition 
of any alkali, but the acid of tartar droppe4 
into its fqlution, forms a precipitate, 

100-Parts of tartar vitriplate, contaiq about; 
1 1 pf rgf^lagid, 63 of ftlkaJi,and 6 of water. 

QMfr^ 
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Species It. 

Glauber s Salts. 

It Is found native in fome lakes In Siberia^ 
in feveral mineral waters, and in the fea^ as 
fome fay; alfo in feveral parts of DauphinS 
and Lorraine in the Earth, and fometimes 
germinating on the furface. Monnet Minera^^ 

%^» 439- 

Its charaftcrs are the fame as thofe of taf- 
tar vitriolate^ except that it requires but 3 
times its weight of water to diflblve it in the 
temperature of 60 ; its cryftals moulder by 
expofure to the air, and by heat lofe half 
their weight. The acid of tartar caufes no 
precipitation when inftilled into its folution* 

100 Parts of this Salt contain about 14 
ofrealaGid,22 of alkali, and 64 of water. 

Species III. 

Vitriolic Ammoniac. 

This is faid to haVe been found in the 
neighbourhood of volcanos, particularly of 
Mount Fejuvius, where, indeed, it might well 
have been expefted ; yet its exiftence is ren- 
dered fomewhat dubious, fmce Mr. Bergman 
could fcarce find any trace of it among the 
various fpecimens of falts from Fefuvius^ 

N 3 ^^ whicl\ 
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which he examined^ 3 Bergfrn 236. and the 
rcafon probably is becaufe the vitriolic acid, 
difengaged by the combuftion of fulphur, is 
in a phlogifticated ftate, and all its combina- 
tions in this date are eafily decompofed by the 
xnarine acid which plentifully occurs in vol** 
^»aos. It is alfo faid to be found in the mi«> 
nerai lakes of Tufcany^ 1 6 Roz. 363. which is 
much more probable, as the vitriolic acid 
when united to water eafily parts with phlo- 
gifton, and recovers its fupcriority over otiier 
acid« : alfo on the furface of the Earth in 
Ac neighbourhood of Turin. 

Vitriolic Ammoniac is eafily known : for 
if quick lime or fixed alkali be thrown into 
its folution„ the fmeil of the volatil alkali i$ 
perceived; and if this folution be poured 
into that of chalk or ponderous Earth in the 
nitrous acid, a precipitate will appear. 100 
parts of it contain about 42 of real acid, 40 
of volatil alkali, and 18 of water^ 

Species IV. 

Selenite. 

I have alrtady mentioned tbis fubftancc 
limong, the calcareous Earths. It is fre- 
quently found in mineral and common 
fpringSj and alfo in fea water. Its tafte is 
, . neither 
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tteither bitter ndr aftringetit, but earthy* Its 
folution mixes uniformly with that o£ nitrotis 
or marine Selenite, but is precipitable by 
fixed alkalis, mild or cauftic, and alfo by the 
faccharine acid, but not by volatile cauftic 
alkali, which diflinguifhes it from Epfom 
and alum. 

Species V# 

Many mineral waters contain this fait, 
particularly thofe of Epfom^ Egra^ Sedlitz^ 
and Seydchutz : it has aHo been found native, 
mixed with common fait and coaly matter 
germinating on fomc free ftones in coal 
mines. 8 Roz. 137. 

This fait, in the temperature of 60, re- 
quires about its own weight of water to 
diflblve it ; its tafte is bitter ; it efflorefces by 
expofure to the air, when heated it lofes 
nearly f its weight by evaporation i its folu-^ 
tion is rendered turbid by a mixture with that 
of nitrous or marine fclenite, which diflin- 
guifhes it from folytions of felenite, but 
preferves its limpidity when mixed with a 
folution of nitrous or marine Epfom ; its 
earth is precipitable by all alkalis in any 
ftate, and alfo by lime. 

N 4 lOQ 
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I oo parts of it contain about 24 of real 
acid, 19 of earth, and 57 of water. 

Species VI. 

Alum. 

Alum requires about 15 times its weight 
of water to diflblve it in the temperature of 
60. Its tafte is well known ; it fwells and 
blifters when heated, and lofes nearly i its 
weight. It is precipitable by all alkalis, and 
even* by magnefia, which diftinguifties its 
bafis from that of Epfom : but the precipi- 
tate retains nearly i the weight of the acid 
with which it was originally united, and is in 
reality Embryon Alum ; but by digefting it in 
volatile alkalis (for its bafis would unite to 
fixed alkalis) it may be perfedly purified. 
Its folution, like that of Epfom^ renders 
nitrous folutions of filver or chalk turbid, 
but mixes uniformly with thofe of nitrous or 
marine* alum, or of the vitriols of any metal : 
thefe properties diftinguifh it fufiiciently. 

100 parts of it contain about 24 of acid, 
18 of earth, and 58 of water. 

This fait is found native in a few mineral 
fprings *, though rarely, i Bergm. 280. and 

* Margr. 2 T/jeile^ 193. 

in 
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in the mineral lakes of Tufcany^ 16 Roz. 
362* alfo germinating on the furface of free 
ftone or fhiftus in coal mines, or on lavas 
near volcanos, and on feveral rocks in the 
ArchipelagOy and in feveral psirts of Hungary, 
Bohemia, and Sivtjferland, though feldom 
pure ; but far the greater part of it is fadlt- 
tious, being extraded from various ores, the 
principal of which are the following : 

Species VII. 

Aluminous Ores. 

i*^- Sulphurated Clay. This conftitutes the 
pureft of all aluminous ores, namely, that 
of La Tolfa near Civita Vechia ; it is white, 
compaft, and of the hardnefs pf indurated 
clay J hence called Petra Alumlnaris^ yet 
mealy and taftelefs. Mr. Monnet firft dif- 
covered the real nature of this ore. Accord- 
ing to him 100 parts of it contain upwards 
of 40 of fulphur, and 50 of clay, befides a 
fmall quantity of fixed vegetable alkali, and 
a very minute jportion of iron. 13 Roz. 
Supplem. p. 338. With this Mr. Bergman's 
analyfis nearly agrees ; 100 parts of this ore 
containing, according to him, 43 of fulphur, 
3 5 of argill, and 22 of filex. 3 Berg. 271. 
He alfo found the vegetable alkali and iron, 
but probably he did not feparate them, but 

reckoned 
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reckoi^d them among the argillaceous con- 
tents, which mnft alfo have contained a 
quantity ^ vitriolic acid: To make this 
ore produce alum, it is neceflary that itihould 
firft be torrefied to decompofe the fulphur, 
whofe add then re-a^ls on the argill, and 
being moiftened, or expofed to the air, 
it foon fwells, efflorefces, and forms alum. 
This ore was prpbably at firft a clay, mixed 
with fulphur, and hardened by volcanic fire, 
and derives its alkali from vegetables incine- 
rated by the volcano. Mr. Monnet found 
alfo a little magnefia in this ore. Miner alog. 
p. 1 60. The red colour of the alum pro- 
ceeds from iron in a particular ftate. 3 Bergm. 
250. 

2^* Tyritaceous Clay. This is found at 
Schivemfal in Saxony at the depth of 10 or 
12 feet ; it is a black, hard, yet brittle fub- 
Haace, confifting of clay, pyrites and bitu- 
men ; after it is dug it is left expofed to the 
air for two years, by which means the pyrites 
are decompofed, and alum formed. 3 Jars 
Voy. Metallurg. p. 293. The alum ores of 
Hejfe and Liege are alfo of this fpecies, yet 
they are torrefied -, a practice which Jar,s 
condemns* According to Monnet this ore 
contains alfo magnefia. Mineraiog. p. 164. 
64 pounds of this ore yield from 5 to 
7 of alum. An earth of this fpecies, of a 

foliated 
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foKa£ed texture» is alfo found in Burgundy^ 
and is by fome called Ampelytes. i Qjym 
de Dyott. p. 107. • 

3"*- Shi/lus Alumlnaris. This differs from 
roof fhiftus in this, that it contains a variable 
proportion of pyrites intimately mixed witU 
it, and alfo Petrol. Bergm. Sciagr. and i 
Bergm. 292. Its colour is blue or blatk^ 
but when the proportion of petrol is very IjnalU 
grey. When the proportion of pyrites is fo 
large as to form a vifible mafs, the ore is 
commonly rejected as containing too much 
iron, though it might be worked to ad- 
vantage, by adding a proportion of clay; a 
valuable improvement fuggefted by Mr, Berg-- 
man. When the proportion of petrol is con- 
fiderable, it does not effiiorefce by expofure to 
the air, and therefore muft be torrefied to 
burn off the petrol, and extricate the acid 
from the fulphur of the pyrites ; but when 
the proportion of petrol is fmall, the pyri- 
tical part is decompofed by long expofure to 
the air and moifture; and thus alum is 
formed. In Sweden^ if 100 pounds of the 
ore yield 4 of alum, it is worth worlfing ; 
but it generally yields more. The mine of 
Becket in Normandy ^ and thofe of Wb'tthy in 
TTorkfhlre^ are of thisfpecies. 

4*^- Volcamc Aluminous Ore. This is 
found at Solfafera near Napks^ and elfe- 

where. 
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where, in the form of a white faline earth; 
In this ore alum is formed by the adlion of 
the phlogifticated vitriolic acid on argillaceous 
lavas. ICO parts of it* contain, according 

to Mr. Bergmans analyfis, 88 of filiceous 
earth, 4 of argillaceous, andS of alum; but 
this proportion is variable. Before efflo- 
refcence it is in a ftony form. 

5^'*- Bituminous Alum Ore. Shale. 2 Wat^ 
Jon^ 3 1 4. This is a fliiftus impregnated with 
fo much coaly matter or bitumen as to be in- 
flammable; it alfo contains fulphur. '120 
parts of calcined ftialc afford i of alum ; it 
is found in Snveden^ and among the coal 
mines at Whitehaven^ arid elfewhere. 8 Koz. 
141. 

Alum might alfo be extradted from many 
fpecies of pyrites, but fo contaminated with 
iron as fcarce to quit coft i fo alfo from cala- 
mine and pyritaceous wood. 

Native alum, mixed with vitriolic ammo- 
niac, is found cryftalized on the borders of 
tjie mineral lakes of Tufcany. 16 Roz. 363. 
it is alfo found in a capillary form near the 
lake of St. Agnano, in the grotto of St. 
Germano. 37 Mem. Stock. 

Species VIIL 



Salts. 189 

Species VIII* 

Vitriol of Iron. 

It is of a grcenifh colour when perfedly 
And recently cryftalized, but eflSorefces by 
expofure to the air, and becomes yellowifli : 
it requires 6 times its weight of water to dif* 
folve it in the temperature of 60 ; its acid is 
known by this, that the folution of this fait 
mixes without turbidity with the folutions of 
other falts that contain the vitriolic acid^ as 
Epfbm, felenite, tartar vitriolate, &c. but 
renders the folutions of nitrous or marine 
felenite turbid ; and its bafis, by the black 
colour which the folution of galls or vegeta- 
ble aftringents immediately produce in it$ 
folution. 

100 Parts of it recently cryftalized contain 
20 of real acid, 25 of iron and ^^ of water. 

It is frequently found native, cither in 
coal mines, or in the cavities of pyritaceou$ 
mines, or adhering to the fcafFolds in a ftailac- 
titical form. Alfo in fmall round ftones called 
Ink ftones, of a white, red, grey, yellow or 
black colour, which are almoft intirely folu- 
ble in water, and contain a portion of copper 
and zinc. 2 Schlutter^ 620. 2 Jarsy 265. 
Alfo fometiffie? in fhiftus. But the greateft 

prt 
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part of that in ufe is prepared from the mar- 
tial pyrites or mnndHc* "- 

Martial Pyrites is an iron ore containing 
fronv 4 to 4- of fulphur, from f to 4 of iron^ 
the remainder argill and fitesty the three 4rft 
intimately combined with each other,, ^md 
the iron in a femiphlogifticated ftate. Marmet 
Baux Miner. 2S1. 2 Gerb. Beytr. 57. It 
ffa-ikes fire^ with fteel, and thcfnce derives its 
name; it is generally of a yeUow or grey 
colour, of a globular or cubic ihape, inter* 
nally radiated dnd fometimes lamelliai;, com** 
monly in part folubk in mtrous acid with 
cffcrvefcence, and flowly in the vitrioliic,^ with 
which it forms alum ; it detonnates flightly 
with nitre and is very infufible : its^ fpecifia 
gravity is from 3,7 to 4,91a. Soioe pyrites 
inftead of argillaceous contain c^^areous 
Earth, thefe are common in France^ and in 
them the iron is in a dephlogifticated ftate., 
Monnet Mineral. 359^ Pyrites are frequently 
fdund in a ftatad:icaL fhape, and often fornix the 
matter of petri a<£Hons : they are alfo found 
mixed and interfperfed through alcaoft every 
other fpecies of ftone e»:ept granite. Accord* 
ing to Mr. Monnet^ thofc of a fUamentou^ 
or ftriated texture contain leaft fulphur, thofe 
of a lamellar, moil ; the lafl: efHoreice diffi-^* 
cultly if at all, and are faid to contain from 
35 to 35 per gentoffiilphuiri, 

Vitriol 
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Vitriol is formed in thefe ftones by expo- 
fmg them a long time to the adtion of the 
air and moifture, or by torrefadion in opea 
air, and fubfequent expofitiori to its adkion, 
which operation in fome caies muft be often 
repeated, according to the proportion, of fi*l- 
phur, and the nature of the Earth ; the cal- 
careous pyrites are thofe in which it is moft 
ealily formed, and they efflorefce the fooncft» 
good pyrites properly treated, yield about ^ 
of their weight of vitriol. ^ 

Vitriol is alfo prepared from mineral water* 
that hold copper in folution, which is preci- 
pitated by iron; this folution of iron. is after- 
wards cryftalized and always retains fome cop-: 
per. In Hungary it is prepared from pyrita- 
ceous {hiftus, and in many places from a Se- 
cies of calamine ; the vitriol of goflaar com- 
monly contains a portion of zincy as that of 
Hungary and Saxony does of copper; the 
Englifti and Trench vitriols are purer, yet 
fbmetimes contain a fmall proportion of alum^ 
Turf and peat are fometimes impregnated 
with vitriol; other earths alfo often contain 
vitriol and alum. Mon. Mineral. 460. This 
vitriol is fometimes found of a white colour 
on the borders of t^e mineral lakes of Tuscany. 
][6 Koz. 363, 

S?ECIE8 IX, 
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Species IX. 
Vitriol of Copper. 

Its colour is blue, which degenerates into 
a mixture of blue and rufty yellow after it 
has been long expofed to the air ; it requires 
about four times its weight of water to dif- 
folve it in the temperature of 60. Its fpecific 
gravity^ is about 2,23 ; if a piece of clean po* 
lifhed iron be dipped into the folution of this 
fait, it will almoft immediately be covered with 
a cupreous coat, this together with the deep blue 
colour arifing from mixing it with a volatile 
alkali, difcovers its bafis, as its uniform mix-* 
ture with other vitriolic falts does its acid. 

I CO Parts of vitriol of copper contain 30 of 
real ^cid, 27 of copper, and 43 of water, 
80 Parts of good iron precipitate 100 of cop- 
per, from a folution, that does not contain z, 
notable excefs of acid. 

This fait rarely occurs cryftalized, but is 
often found naturally diflblved in water, in 
Hungary^ Sweden and Ireland; from this 
water blue vitriol is geners^lly prepared* Mr. 
Cronjled fays it is feldqm free from iron and 
zinc ; it is alfo occafionally extracted from 
fulphurated copper ores after torrefa£tion, 

Sehlutt^ 
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Schtutt. 638. According to Mr. Crmfied^ 
the blue vitriol of Gojlaar contains a mixturt 
of zinc. 

Species X. 
Vitriol of Zinc. 

Its colour is white, it requires little more 
than twice its weight of water to difTolve it 
in the temperature of 60; its fpecific gravity 
is about 2,000; it mixes uniformly with 
vitriolic neutral fahs, but precipitates nitrous 
or marine felenites from their folutions, 
which afcertains its acid principle ; it is itfelf 
precipitated whitifli by alkalis and earths, but 
not by iron, copper, or zinc, which fuffici- 
ently indicates its bafis ; if it contains any 
other metallic principle, this may be precipi- 
tated by adding more zinc, except iron, 
which will of itfelf precipitate by expofure to 
the air, or boiling in open air. 

100 parts of vitriol of 2inc, contain 22 acid, 
20 of zinc, and 58 of water. 

This fait is fometimes found native, mixed 
with vitriol of iron, and in the form of white 
hairy cryftals, 2 Linne "uon Gtnelin^ p* 3 ^ 6, or in a 
ftaladitical form in the galleries of Mines ii\ 
Hungary y Gojlaar ^ &c. or as an eiflorefcencc on 
ores of zinc ;^ itisalfofound diffblved in mine- 
ral waters, and generally with fome propor- , 
tion of the vitriols of iron and copper, a Bergtn. 

P 3^8, 
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318, but that in common ufc is moftly pre- 
pared at Gojlaat from an ore which contains 
zinc, copper, and lead, mineralized by ful- 
phur and a little iron ; the copper ore is firft 
feparated as much as poflible, and the red* 
duum after torrefa£tion and diilillation is 
thrown red hot into water and lixiviated. 
Schlutt^ 639, 3 Jars^ 320, it is never free 
from iron. 

The vitriols of copper, iron, and zinc, arc 
according to Mr. Cronfted^^ frequently found 
mixed in the waters pumped out of mines, 
fometimcsall three are found cryftalized in 
lumps of a yellow colour; the vitriol oiFahlun 
in Swedetif contains all three, Bergm. Sciagr. 
§ 82. 

Species XL 

Vitriol of Cobalt. 

It is difficultly foluble in water, and both 
it and its folution arc red, which fufficiently 
diftinguifhes its bafis j its acid is known by 
the hmt tefis as that of the former vitriols. 

It is faid to be found native in fmall pieces, 
mixed with a greeniih efflorefcence in cobalt 
minesj Born^ Index, Fojf. 51. 

Balotricbium 



Hatotrichiumj Trichitesj. or native alum 
tnixed with vitriol of cobalt, is found in a 
capillary form in mines of gold, filver^ and 
mercury, in Hungary and Germany. 2 Lin. 
^on. Gmelin 316^ the phlogifticated alkali, 
precipitates the cobalt which with borax 
gives an azure glafs* 2 Bergm. 455* 

Species XIL 

Vitriol of Nickel. 

This IS alfo difficultly foluble in Water; 
both it and its folution are of a green colour; 
it is found native efflorefceing on Kupfernickel 
and generally mixed with vitriol of iron; l 
Mem. Sued. 213, Cyonft. § 123. zinc precipi- 
tates the nickel, but not the iron. 

Species XIIL 
Vitriol of MaAganefe. 

I do not know that this has been as yet 
found ; as its colour aiid alfo that of its pre- 
cipitate by fixed alkalis, is white, it may be 
confounded with vitriol of zinc; but the pre- 
cipitate of the vitriol of manganefe foon grows 
black by expofure to the air, efpecially if 
heated, and is then infoluble in the dephlo- 
gifticated nitrous acid, unlefs fugar be added, 
properties which the precipitate of zinc does 
not poflefs. 

O 2 Species XIV* 
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Species XIV. ^ 

Vitriols of Silvery Mercury and Lead. 

Thcfe I fliall treat of among the ores of 
thofe metals. 

Species XV. 

Nitre^ or Priftnatic Nitre. 

• 

Nitre requires about 7 times its weight of 
water to diflblve it in the temperature of 60: 
its fpecific gravity is 1,92, vegetable alkalis 
do not render its folution turbid> but the acid 
of tartar does ; it deflagrates with burning 
coals, or on a red hot iron, and mixed with 
marine acid it makes aqua regia. 

100 Parts of nitre contain about 30 acid, 
63 vegetable alkali, and 7 of water. 

It is faid to be found formed by nature in 
certain clays in the Eaft Indies^ China^ 
Spaitiy^ and in Siberia, in the cavities of rocks^f 
alfo on the furfaceof mafles of chalk, in the 
neighbourhood of Rocheguyon^ X and in fome 
wells in great towns, as London and Berlin ; 
but more frequently in old mortar, § fomc- 

♦ I Watfon, 315, Bowls, Spain,. 70, 78, Sucnik. Handt. 
1772. aQyart. f Phil, tranf. 1763, p* 209. J Macq. 
Dia. Nitre. § i Wats. 293. 

times 
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times it flioots ou the furface of damp walls, 
and is then ozWcA falpetere de houjfage. Man. 
Mineral^ 446, but Mr. Lanjoifier has £bewn that 
old mortar often containB only nitrous felenite, 
which is converted into true nitre by mixture 
with a{hes» though thofe afhes contain a large 
proportion of tartar vitriolate and glauber's 
fait, becaufe theXe ialts decompofe the calca- 
reous felenite, and form nitre by the way of 
double decompofitioa, Mem. Par. J 777* 

Species XVI* 
' Cuiic Nitre. 

This flit requires but 3 times its weight of 
water to diflblve it, at the temperature of 60 ; 
its fpecific gravity is about 1,87; vegetable 
fixed alkali decompofes it without forming a 
vifible precipitate in its folution, neither does 
the tartarous acid precipitate any thing from 
it ; with vitriolic acid (the nitrous being ex- 
pelled) it forms glauber's fait ; it deflagrates 
like prifmatic nitre, and alfo forms aqua regiay 
in the fame circumftances. 

1 00 Parts of cubic nitre contain about 29 
of real acid, 50 of mineral alkali, and 21 of 
water. 

According to Mr. Bowles, it is found 
natite ii; Spain. 

O 3 Species XVII. 
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Species XVII. 
Nitrous Ammoniac* 

It generally deliauefces ; when mixed with 
a fixed alkali, the volatile betrays itfelf by its 
fmell; it deflagrates when the containing 
veflel is heated nearly red ; with fpirit of fait 
it makes aqua regia, 

100 Parts of it contain 46 of nitrous acid, 
40 of volatile alkali, and 14 of w?iter, as I 
believe. 

It is frequently found in the mother liquor 
of nitre, Linn^ von Gmelin^ 332, Weber 
Jjhhand^ von den Salpetre^ 17. 

Species XVIII. 
Nitrous SelenitCf 

This alfo deliquefces, its tafte is bitter, 
fixed alkalis decompofe it, and form cubic 
or prifmatic nitre, but cauftic volatile alkali 
cannot decompofe it, it does not deflagrate, 
yet paper moiftened with a faturate folution 
of it, crackles on burning, it lofes its acid in 
a ftrong red heat, its folution will not trouble 
that of filver in the nitrous acid; vitriolic 
acid will precipitate its bafis, as will the acid 
of fugar. 
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100 parts of it contain, when well driedt 
about 33 of acid, 32 of calcareous earth, and 
35 of water. 

It exifts in old mortar, and the mother 
liquor of nitre i alfo in chalk rocks near 
Rocheguyon. Macquers Diil. Nitre. 

Species XIX. 

Nitrous Epfom 

Deliquefces, does not deflagrate^ does not 
render the nitrous folution of filver turbid, 
is precipitated by cauflic volatil alkali, and 
alfo by the acid of fugar, but the precipita- 
tion is fcarce apparent, unlefs fpirit of wine 
or evaporation be applied. If nitrous fele- 
nite and nitrous Epfom be mixed, aod both fo- 
lutions be faturated, a precipitate will alfo ap- 
pear ; neither vitriolic acid nor mild magnefla 
occafion any turbidity in its iplution. 

100 parts of it contain about 36 of real 
acid, 27 of magnefia, and 37 of water. 

It exiils in old mortar, and is found in the 
mother liquor of nitre. 
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Species XX. 
Salt of Sylvius 

Requires about 3 times its weight of water 
to diffolve it; its fpecific gravity is 1,836; 
diflblved in nitrous acid it mzkes aqua regia ; 
it forms a cloud in the nitrous folution of 
filver ; fixed alkali precipitate nothing from 
its folution, nor does a mixture of marine 
felentine, but the acid of tartar caufes a pre- 
cipitate. 

100 parts of it contain about 30 of real 
acid, 6^ of vegetable alkali, and 7 of water. 

It is found in fome boggs in Picardy^ and 
fome mineral waters in Normandy. Monnet 
Hydrohg. 263. 

Species XXL 
Common Salt 

Requires about 2,5 its weight of water to 
diffolve it in the temperature of 60 ; its fpe* 
cific gravity is 3,12; the acid of tartar pre- 
cipitates nothing from it ; in other refpefts it 
agrees with the above. 

100 parts of it contain 33 real acid, 50 
pf mioeral alkali, and 17 of water. 

It 



Salts. to I 

It IS not cnly found In the fea, fait lakes, 
and many fait fp^ngs in the proportion of 
even 36 per cent, but alfo in large maflcs 
under the earth in many countriest as Poland^ 
England^ Tyrokf &c. alfo in coal and beds of 
gypfum. Born^s Index. Its colour is cither 
grey, red, blue, yellow or black. Ov^ird 
§. 129. Born. 

Section XXIL 

^ Sal Ammoniac 

Requires about 3,^ times its weight of 
water to diflblve it in the temperature of 60; 
its fpecific gravity about 1,42 3 it makes 
aqua regia when mixed with nitrous acid 9 
it difiblvcs copper i it wholly evaporates 
when laid on a hot iron* 

100 parts of it contain 52 of real acid, 40 
of volatil alkali* and 8 of water* 

It is found native and of different colours^ 
grey, black, green, red, in the neighbour- 
hood of volcanos, and in the mineral Jakes 
of Tufcany. 16 Roz. 362. Alfo in fome 
mountains of Tartary and Thibet. 2 Linne 
tvon Chnelin. 335, and in the caverns or grottos 
of Pouzzoli. Mem. Sued. 243. alfo in various 
cl^ysi though in fmali quantity. Ibid. 

Species XXIII. 
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Species XXIIL 

. Marine Barofelenite. 

. This confifts of marine acid united to 
barytes; it is faid to have been found in 
fon>e mineral waters in Sweden. Bergnu 
Sctagr. §.58. It is known by its eafy preci- 
pitability by the vitriolic acid, and the great 
infolubility and weight of the refulting com* 
pound. 

Species XXIV. 

Marine Selenite 

Deliqucfoes ; its bafis is alfo precipitable 
by the vitriolic acid, and its folution renders 
that of filver in the nitrous acid turbid, at 
the fame time that it makes no change in that 
of nitrous felenite j it obftinately retains its 
acid in a red heat. 

100 parts of it contain, when well dried, 
about 42 of acid, 38 of earth, and 20 of 
water. 

It is frequently found in mineral waters^ 
Monnetj 457, and fometimes in fea water, 
Cronji. §. 128. Mon. HydroJy p. 206, 294, 
but not always, i Bergm. 192, probably only 
where the bottom of the fea is calcareous, 

alfo 
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itlfo in the fait works at Sal/burgb* Born. 
Indip; ^2. 

Species XXV, 

Marine Epfom 

Alfo deliquefces; its folution does not 
trouble jhat of nitrous or marine felenite» 
but it caufes a cloud in the nitrous folution of 
jilver ; vitriolic acid makes no vifible preci- 
pitate in its folution ; but all alkalis^ even 
the cauftic volatil alkali^ precipitate its bafisi 
it }ofes its acid in a red heat. 

It is found in the fea in greater plenty than 
JBiny other fait, exept fea fait, i - Bergm. 

Species XXVI. 

Marine j^lum. 

This fait has not yet been found i if it 
exift§, it may be known by its deliquefcence 
and precipitability by magnefia, pure or 
mild ; the mild (hould preferably be ufed, as 
%t is mod foluble. 
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Species XXVIL 

Marine Salt of Copper. 

This has been found in Saxony in the mine 
olP Johngeorgenfadt ; it is of a greeniffi co- 
lolir and foliated texture, moderately hard^ 
and fometimes tranfparent and cryftalized ; it 
has been taken for a fort of mica, but Mr. 
Bergman found it to confift of copper and 
marine acid, with a little argillaceous earth. 
2 Bergm. 431. Another fpecimen of a purer 
fort, and bluifli green colour, was alfo depo&t* 
ed*in the mufeum of UpfaL Ibid. 

Species XXVIII. 

Marine Salt of Manganefe. 

Mr. Uielm is the only perfon who has as 
yet found this fait ; he difcovered it in fome 
mineral waters in Sweden ; it is precipitated 
of a whitifh yellow colour by the Prujfian 
alkali, and of a brownifli yellow by the mi- 
neral alkali; it does not cryftalize in any 
diftind form, but attrafts the moifture of 
the air ; to obtain it free from iron, it fhould 
be precipitated by the mineral alkali, re- 
diffolved in nitrous acid, then calcined until 
this acid is expelled, and the refiduum treated 

with 
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with diftilled vinegar, which will then take 
up only the manganefe. 

Species XXIX. 

Marine Salt of Mercury. 
See mercurial orcs,15pecies III. 

Species XXX. 
Borax. 

In the Qatc in which it is naturally found 
requires about 18 times its weight of water 
to diflblve it in the temperature of 60 j its fj^c- 
cific gravity is about 1,74; it does not cf- 
fervefce with the mineral acids, except they 
be heated, and then but flightly ; when 
heated, it fwells and lofes ~ of its weight, 
and in :aftronger heat runs into a glafs,which 
is rediflbluble in water. 

If to a faturate folution of borax, oil of 
vitriol be added until it becomes fenfibly acid, 
the fedative fait will fcparate from the borax, 
and fwim on the futface in the form of white 
fcales, the filtered liquor will on evaporation 
yield Glaubers fait. 

100 parts of purified borax contain 34 of 
real fedative acid, 17 of mineral alkali, and 47 

of 
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of water, but of the mineral alkali only about 
5 parts are really faturated, the reft is unfa- 
turated ; and hence in many cafes borax ads 
as an alkali* 

Borax comes to Europe from the Eq/i 
Indies in a very impure ftate in the form of 
large, flat hexangular or irregular cryftals, 
of a dull white or greenifti colour, greafy to 
the touch, or in fmall cryftals, as it were ce- 
mented together by a rancid, yellowifli, oily 
fubftance, intermixed with marl, gravel, and 
other impurities. In this ftate it is called 
brute borax, chryfocolla or tincal. 

It is purified by folution, filtration and 
cryftalifation ; and the cryftals thus obtained 
are calcined to free them ftill further from 
greafmefs, and then diflblved, filtered, and 
cryftalized a 2d time \ fometimes more mi- 
neral alkali is added, as it is faid that tiixcal 
contains an excefs of fedative falt^ 

It has been long thought that boraX was a 
faditious fubftance, but it is now beyond all 
doubt that it is a naturaL production, fince 
Mr, GriU Abrahamfon fent fome to Sweden in ^ 
the year 1772 in a cryftaline form as dug out 
of the earth in the kingdom of TA^^^/, where 
it is called pounxa^ my poun and houipoun i 
as borax is purified alfo in the Eqft Indies^ Mr. 

Engefirom 
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Enge/irom fixfpefts that the tincal is only the 
refiduum of the mother liquor of borax eva- 
porated to drynefsy and that the gre^finefs 
arifes from its being mixed with butter milk 
to prevent its efflorefccnce. It is fiiid to 
have been ifound in Saxony in fome coal pitsr* 
Gerb. Beytr. 144. 



PART 
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PART UL 
Inflammables. 

UNDER this head 1 do not comprife all 
minerals that may be inflamed if expofed 
to a ftrong heat,, for other wife feveral fulphu- 
reous metallic ores, pyrites, and even fome 
metallic fubftances, diamonds and plumbago^ 
fliould be arranged under this clafs, which 
would occafion that confufion which is meant 
ta be avoided by fyftematic cJaffification, but 
merely thofe fubftances, which in fadt are in* 
flammable, and do not come under the denomi- 
nation of Earths, Salts, or metallic ores, and 
have general chara6ters perfedly diftind: 
from them. Of thefe fome are fluid, fomc 
liquid, and fome folid ; the fpecific gravity 
of the latter never exceeds 2,5, and the former 
are th^ lighteft of all bodies. The French 
beftow the name of Bitumen upon all liquid 
and folid mineral inflammables, except ful- 
phur ; the Germans by that name denote only 
the folid. Thefe are all, except coal, elec- 
trics, per fe^ and infoluble in water and fpirit 
of wine, but foluble m fome fpecies of oil. 
Mr. Bergman fays he poflefles a concrete 
rape-feed oil, which is hard and pellucid like 
copal, and infoluble in water and fpirit of 
wine* 2 Erde. Befchr. 267. 

Species I. 
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Species L 

Inflammable uiir^ Fire Damp^ 

This is eafily known by its property of 
inflaming, when mixed with twice or thrice its 
bulk of common atmofpheric air. When, 
pure, it explodes all at once, but when mixed 
or combined with fixed air, it burns with a 
blue lambent flame. It frequently occurs 
in coal-pits and mines, and often on the fur- 
face of fprings in Perjia^ Italy ^ and France^ 
and feems to be nothing more than the ex- 
halation of petrol. 

Species II. 
Hepatic ^iti 

This air feems to confift of fulphur, held 
in folutibn in vitriolic or marine air 3 it is in- 
flammable when mixed with ^ of its bulk of 
common air. Water will take up about f 
its bulk of this air, and when faturated with it 
Will turn filver black, but if ftrong dephlogifti- 
cated nitrous acid b6 dropped into this water, 
the fulphur will be precipitated. 

100 Cubic inches of this air, when united 
to water, may hold 8 grains of fulphur in 

P folution. 
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fohitioiit in die tetftperature of 6o» and more 
tf hotter. Pure air al6> decompofes hepa- 
tic air. 

It is found in many mineral waters^ and 
mrticularly in the hot baths ofAix la ChapeUe. 
The caufe and manner of their containing 
fulphur, which was long a problem, has at 
laft been happily explained by Mr. Bergman. 
It plentifully occurs in the neighbourhood of 
Tolcanos, and in feveral mines. 

Spec Its III. 

Naphtha. 

A fine thin fragrant colourlefs oiU which 
ifiues out of white, yellow, or black clays in 
Perfia and Media^ is known by this name. 
It burns "o^ith a bluifli yellow flame, and is as 
inflammable as sether^ and like it, extrads 
gold from Aqua Regia. It is not decompo- 
fed by diftillation, and yet if long cxpofea to 
the air, it changes colour, thickens, and de- 
generates into petrol. Its fmell is very dif- 
ferent from that of vegetable oils y it diflblves 
refms and baliams, but not gum refins, nor 
elaflic gum. It diflblves the eflential oils of 
thyme and lavender, but is infoluble in fpirit 
of wine andajther^ Its fpecific gravity is 0,708. 

Species 
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Species IV. 

Petroly BergoeU Steinoel. 

Dodor Prieftley has fhewn in the 3d vo- 
lume of his Obfervations and Experiments 
on Air, that eflential oils, long expofed to the^ 
atmofphere, abforb not only the pure part, 
but alfo the phlogifticated part of it. An 
abforption, which muft, in time, produce 
confiderable changes in them ; by a procefs 
of this fort, naptha is converted into petroU 
which is an oil of various degrees of denfity, 
according to the time during which it has 
been expofed to the atmofphere ; its colour * 
is reddifh, or yellow, brown, greenifh, or 
blackifh, it is found trickling from rocks, or 
ifluing from the earth in the Dutchy of Afa- 
dena^ and in various parts of France^ SiviJ^ 
Jerlandy Germany^ and Scotlandy as well as in 
Afia. Alfo on the furface of the water of ^ 
different fountains, or mixed with earth and 
fand, from which it is feparated by infufion 
in water ; the thinneft fort poffefies the pro* 
perties of naphtha, though in a leffer degree. 
It is rendered finer by diftillation with water, 
and leaves a refinous refiduum, and if dif- 
tilled with a volatil alkali, the all$ali ac« 
quires the properties of fuccinated ammoniac, 
and hence contains the acid of amber. Some 
forts of it, according to Monet, are nearly 
P 2 -of 
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of the detifity of nut oil. It is infoluble in 
fpirit of wine. 

' Species V* 

Barladoes tar^ Erdepech^ Bergtbeer^ Kcdria^ 
terreftris^ Maltha. 

Petrol long expofed to the air, forms this 
fobftance. It is of a vifcid confiftence> 
of a brown, black, or reddifh black co- 
lour, fometimes inodorous, but generally 
of a more or lefs difagreeable fmell, par- 
ticularly when burned. It eafily melts, 
and burns with much fmoke and foot, and 
leaves either afhes or a flag, proceeding 
from heterogeneities contained in it. Spirit of 
wine cannot diflblve it. It contains a portion 
of the fuccihous acid, for with mineral al- 
kali it gives a bitter fait, more difl&cultly fo- 
luble than common fait; and which treated 
with charcoal, will not aflFord fulphur. Mefn. 
Berlin^ iJS^* 

It is found in Perjta^ in the neighbourhood 
of Petrol^ in ftrata of gypfum and lime- 
ftone, or floating on water, alfo in Siberiaf 
Germnny^ Switzerland^ and in coal-pits, alfo iii 
^mericch 

Species 
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SPECIfS VI. 

^fphaJtum^ ludenpech^ Bergbartz^ Steinbeck, 
Erbartite Bergtbeer. 

This is a fmooth, hard, brittle, inodorous 
black or brown fubftance ; it breaks with a 
fmooth fhining furface, melts eafily when 
heated, and when pure, burns without lea- 
ving aay afhes, but if impure, leaves affies 
or a flag. According to Mr. Monnetf it 
contains fulphur, or at leaft the vitriolic acid, 
which feems confirmed by the experiments 
of Meflrs. Gerhard^ and Tbory^'\ it is flightly 
and partially a£):ed on by Alcohol and 
;iether. 

It is found on the fhores of the Red Sea, 
alfo in Sweden^ Germany r and France. 

Species VII. 
Mineral tallow^ Mumia^ Bclejfoon. 
This was found in the fea on the coafts of 
Finland^ in the year 1736; it i§ perfectly 
Svhite, and of the confidence of tallow, but 
more brittle, though as greafy. Its fpecific 
gravity is 0,770, whereas, that of tallow is 
0,969 ; it burn3 with a blue flame, and a fmell 
of greafe, leaving a black vifcid matter, which 
is more difficultly confumed, it is foluble ill 
fpirit of wine only when tartarifed, and evea 

^ 2 Beytr^gf • f 6 Crcll Chemifchc |ouraal^ p. if. 

P 3 thea 
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then leaves an infoluble refiduum, but e3^- 
preffed oils diffolve it when boiling. It is 
alfo found in fome rocky parts of Perfia^ 
but feems mixed with petrol, and is there 
called Scbebennaad^ T/ienpen^ Kodreti.* Mr. 
Herman^ a phyfician of Strq/burgb, mentions 
a fpring in the neighbourhood of that city, 
which contains a fubftance of this fort diffufed 
through it, which feparates on ebullition, 
and may then be colleded. 3 Roz. 346. 

Species VIII. 
Jetf Gagatesy Lapis Objidianus. 

Jet is much harder than afphaltum, always 
black* fufceptible of a good polifh and glafly 
in its fra^ure, which is conchoidal ; it is 
highly eledrical; its fpecific gravity is 1,744; 
it melts in a moderately ftrong heat with a 
difagreable fmell, when burnt it leaves a grey 
earthy ochrous reiiduum; it i$ iafoluble in 
fpirit of wine* 

It is found in England^ Scotland^ Franca^ 
Italy y Germany^ &c. 

Specie? IX. 
Pitt or Stone Coal. Lithantkrax. 

Coal is a black, folid, compaft, brittle, in- 
flammable fubftance, of a moderate hardnefs, 

f Mm. Smd. 87. 1 Un. vou CmeL 389^ 2 Gerh. Beytr. tii^ 

laminated 
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laminated texture> more or Ie(s fhiningf but 
rarely fufceptible of a good polifh^ does not 
melt wbea hes^ted, and always lotves fome 
afhes ; it feems to confift of petrol or .afphal* 
turn intimately mixed with a fmall proportioa 
of Earth, moftly argillaceous, feldom caloa« 
reous, and often with pyrites ; according to 
Mr. Qerhardj fpirit of wine extrafts a red 
colour from it^ cauftic fixed alkali attacks 
the bituminous part, and fat oils ad on and 
fbrm a varnifli, at leaft with fome forts of it : 
a fixed alkali has never been found in it> nor 
any fulphur, except it contained pyrites* 
Four varieties of it deferve to be diftih£t;ly 
confidered : none of them arc electrics pcrfc. 

I. and II. Variety. 
Cannef Coal^ and fuilkenny CoaL 

Cannel coal is of a dull black colour, 
breaks eafily in any diredion, and in its 
fradure prefents a fmooth conchoidal furface, 
if broken tranfverfly ; this fort contains moft 
petrol and in a lefs denfe ftatei hence it 
burns with a bright lively flame : its fpecific 
gravity is about 1,27; KiUkenny coal con- 
tains the largeft prpportion of denfe petrol 
or afphaltum : and hence burns with lefs 
flame ^nd fmoke, and piore flowly though 
intenfely, the quantity of Earth in this coal 
4oes not exceed ~ ^^ i*^ weight : its fpecifig 
? 4 §iravit| 
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Ijravity is ijtbout 1,4, it is frequently mixed 
witl^ pyrites. 

JIL Variety. 

£3?^ containing a moderat$^ proportion of Petrol 
and Bitumen. 

This burns with more or lefs flame accord- 
ing to the proportion of petrol; in its fra£ture, 
it prgfents a rougher furface than CannelcodXi 
its fpeci^c gravity is from ii3 to 1,37; the 
beft co^l is of this fort> hy diftillation it 
;^flfQrds firft fixed air, then an acid liquor, 
afterwards inflammable air, and a light oil 
of the nature of petrol, then a volatil alkali^ 
and laftly a denfe pitchy oil ; the refiduum is 
nearly I of the whole, and being flowly 
burnt, affords 13 percent, of alhe^, which is 
moftly argillaceous Earth, of which ^-1- or 
thereabouts is magnetic. Mem. Stock. 1781. 

1 00 Parts of this coal contain about 1 7 of 
!Earth, of which 4 are martial;, hence we fee 
Xhzx coal does not confift of a fliiftus pene- 
trated with petrol, as many have thought, 
for then a large proportion of filex, mag- 
nefia, and calcareous earth ihould be found 
in it. 
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IV. Variety. 
SulpkMrsgm Qfih 

This cqpfifts of ^he fprfficr mixed ^ith a 
notable propprtipn of pyrites : bepce it ta apt 
to moulder and breajc wl^^n cxpofed to the 
air, and contains yellow fpots that look like 
metal ; it burns with a fulphureous fmell, and 
leaves red afhes, or a flag ; water ads upon 
it after it has mouldered : its fpecific gravity 
is 1,5, or more. 

Befides thefe varieties, ihiflus» mieaccous 
fhiftus, and gneifs are frequently found in 
the neighbourhood of coal-mines fo penetrated 
with petrol or bitumen as to conftitute an 
inferior fpecies of coal, but the bitumen being 
burnt, they preferve their form, and in fome 
meafure their hardnefs ; I have alfo feen grey 
flates fo foft as to be fcpaped with the nail, 
and which were greafy to the touch, that 
burned like coal. 

All the difFerent fpecies of coal arife from 
a mixture of the varieties here enumerated. 

Note. That wherever coals exift, flates are 
found near them, and fait or mineral fprings 
pften in their neighbourhood. 

Species X^ 
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Species X. 
Bovey Coal, Taub Kohle. Xylanthrax. 

This is of a brown, or brownifli black co- 
lour, and lamellar texture, the laminae are fre- 
quently flexible when firft dug, though gene- 
rally they harden when expofed to the air; 
it confiftB of wood penetrated with petrol or 
bitumen, and frequently contains pyrites, 
alum, and vitriol ; its afhes afFord a fmall 
quantity of fixed alkali, according to the 
German chymifts i * but according to Mr. 
U&lh they contain none;f by diftillation^it 
yields an ill fmelling liquor, mixed with 
volatil alkali and oil, ptirt of which is foluble 
in fpirit of wine, and part infoluble being of 
a mineral nature. 

It is found in England^ France^ Italy ^ Sivtf^ 
ferlandy Germany^ Iceland, ^c. 

Species XT, 

Peat Geanthrax. 

There are two forts of inflammable fub- 
ftances known by this name; the firft and 
principal is of a brown, yellowifti brown, 
or black colour, found in moory grounds, 

an4 

* 2 Gerlf. Beytr. 271, f PbiL Tram* 1760, 
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and when frefh of a vifcid confidence, but 
hardens by expofure to the air ; it confifts of 
clay, mixed with calcareous earth and py- 
rites, and fometimes contains common fait; 
while foft it is formed into oblong pieces^ 
and the pyritaceous and ftony matters are fepa^ 
rated; when diftilled it affords water, acidy 
oil and volatil alkali, and its a(hes contain a 
fmall proportion of fixed alkali ; they are 
either white or red according as it contains 
more or left ochre or pyrites, 2 Ed. EJfaySp 
244. 2 Gerh. Beytr. 265. It is found in 
Scot/and^ Holland, and Germany. Another 
fort is found near Ne^wbury in Berk/hire ; it 
contains but little earth, but confifls chiefly 
of wood branches, twiggs, roots of trees» 
wi^h leaves, graft, ft raw and weeds* Phd^ 
Tranf, 1757. p. no. 

Species XII, 
Turf. 

This confifts of mould interwoven with the 
roots of vegetables ;* when tbefe roots are of 
the bulbous kind, or in large proportion, 
they form the loofer and worft kind of turf; 
but when mixed with a confiderable propor- 
tion of peat, they form what is czWedJtone 
turj\ it at firft hardens, but at laft crumbles 
by long expofure to the air. 

Species XHt 
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Species XIII. 

jbnfetj Bernfiem<^ Agtfteinj Succinumy Elec^ 
trum^ Carabe. 

Amber is ^ hard, brittle, taftelefa fub« 
ftai^ce, fometimes perfeftly tranfparent, hut 
piqftly femi-tranfparent or opake» and of a 
gloffy furface j it is found of all colours, but 
chiefly yellow or orange, • and often cdu-j 
tains leaves or infe&s ; its fpecific gravity i^ 
from 1,065 to I, J 00; its fradure is event 
fmooth and gloffy; it is capable of a fine 
polilh, and become? ele<^ric by fridtionj 
when rubbed op heated, it givf § a peculiar 
agreeable fmell, particularly wbep it melts, 
that is; at 550 of Fahrenheit, but it thea 
lofes its tranfparency ; projefted on burning 
coals, it burns with a whitifh flame, and a 
whitifh yellow fmoke, but gives very little 
foot, and leaves brownifh afhes; it is in- 
foluble jn water and fpirit of wine, though 
this latter when highly rectified ^ijttra^fr a 
reddilh colour from it, but it is Tollable iq 
the vitriolic aoid, which then acquires a redr 
difh purple colour; and is precipitabje from i^ 
by water ; no other acid diffolves it i TiQT is if 
foluble in fixed alkalis, nor in cflential oils^ 
nor in exprefled, without fome decopapor 
fition, and long digeition j but balfams difr 
folve it readily i 75 gr. of it alkalife 100 of 

nitrc^ 
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nitre, and therefore loo gr. of it contain nearly 
90 of phlogifton ; by diftillation it affords a 
fmall quantity of water, an oil of the nature 
of petrol, and a peculiar acid called the fuc- 
cinoiis acid. Stockar^ p. i, 11, 17, &c. Ac- 
cording to ^^z^/w^/- Reg. Men, 22. 100 gf. ot 
amber sifFord about 72 of pettol, and 4,^ ot 
fait, that is, fuccinous acid; the retodtidtif 
was fixed, or water. 

It is found in maffes of. different fizes in 
feyeral pits in Germany, particularly in 
Prti^a, but the beft fort is that which is 
taken out' of, or caft on fhore by the fea* At^ 
cording to Mr. Schee/e amber yields by diftih* 
lation an aqueous acid, which poflTeflcs all the 
properties of vinegar ; if fo, it is probably of 
vegetable origin. Scheff. Forkjl §. 68. I 
jinmerk. 

Ambergris, Amhra. 

This is a grey, brown, yelloWifh,, black or 
brown fubflance, of the confiftence of wax, 
and an agreeable fmell, lighter than watery 
and eafily inflammable, caft up by the fea on 
the coafts of Madagafcar^ CoromandeU &c. but 
as Dr. Snvediar has lately proved it to be t)f 
animal origin, I fliall take no further notice 
of it. 

GopBf. 
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Copal. 

Mr. Lehman and many others rank this 
alio among minerals; but Mr. Bkch, in a 
ftill later diflertation, has fatisfadlorily proved 
that it belongs to the vegetable kingdom. ^ 
Befchaft. BerL Gejellfch. p. 91- 

Species XIV. 

Sulphur^ Brlmftone. 

Sulphur is a taftelefs, hard, brittle, idio- 
cleftric fubftancc, of a yellow or greenifh 
yellow colour, whofe fpecific gravity is from 
1,9 to 2,35. According to Mr, Bergman it 
gently evaporates at 170, melts at 185, and 
flames at 302 oi Fahrenheit. 3 Bergm. 242. 
It burns with a blue flame, and a difagreeable 
fufFocating fmell ; in clofe veflels it fublimes 
without decompofition, or only a decompofi- 
tion proportionable to the quantity of air they 
contain; when melted it becomes red, but. 
recovers it& colour on cooling. 

It is infoluble in water, though by long 
trituration it is faid water will take up fome 
of it, but I believe it is rather difFufed thro* 
than diffolved in it; neither can fpirit of 
wine unite to it, except when both are in a 
jraporous ftate, and then 72 parts of fpirit of 

wine 
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wine take up i of fulphur ; it is foluble in 
hot oils, and alfo in fixed alkalis both in the 
<Jry and liquid way ; it is decompofed by 
boiling in concentrated nitrous acid, partly 
decompofed and partly diflblved by the vitrio- 
liC) and dephlogifticated marine acid ; it con- 
lifts of vitriolic acid and phlogifton united 
nearly in the proportion of 3 to 2; for 100 ' 
gr. of fulphur contain about 60 of acid, and 
40 of phlogifton. 

It is found native either in folid pieces of 
indeterminate ftiape, running in veins thro* 
rocks, or in fmall lumps in gypfums and 
lime-ftones, and in confiderable quantity in 
folfatera and the neighbourhood of volcanoSf 
or cryftalized in pale, tranfparent or femi- 
tranfparent, oftagonal or rhomboidal cryf- 
tals, in the cavities of quartz, and particu-^ 
larly in the matrixes of ores, or in the form 
of imall needles over hot fprings, or near 
volcanos, and fometimes in old privies. 

2**^y- United ivith clay^ as in the alumi- 
nous ore of la Tolfa^ and alfo at Tarno^witz in 
Silejia. The former has been already de- 
fcribed, the latter is a light grey earth, which 
when dry burfts in water like marl, pofFefles 
a ftrong peculiar fmell like camphor. If it 
be diftilled, fome fulphur fublimes. 

^00 
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1 06 gr. of this earth afford 8 o^ fulphur, 
befides gypfum, and a fmall quantity of iron* 
Merh. Bert. 1757. 

3^^y Mixed with clay^ iron and felenite. 
This compound is of a grey, brown or black 
tolour, found near Komey in Anvergne^ Spain 
and Iceland. 2 Lin, ^on. Gmelin. 447. 

^thiy. United to lime-Jtone^ in the form of a 
calcareous hepar. This is found at Ti'uoli 
faear Rome^ and elfewhere in Italy. Mem. 
Par. 1770, p* 6. or diffolved in mineral wa- 
ters ; 3 pounds of which fometimea contain 
25 gr. of fulphur. 2 Gerh. Beytr. 17. It 
often forms incruftations on the brinks of 
thefe fprings. 

^thiy. j^ the form of an alkaline hepar* This 
is faid to be found in fome waters in Rujfta. 
Schab. Samm. 4 Theil. p. 544. alfo at 
Tivoli. 

gthiy. United to iron and clay in pyrites* 

Laftly, United to various metallic fub- 
ftances, as (hall be feen in the next part. 

At Ramelfberg and the Hartz they extfa^ 
fulphur from the fulphureous ores of filler, 
and lead mixed with pyrites, by fublimatidn 
during the torrefadtion of thofe ores : this 

forms 



if^mtnahles. 225 

jfbrms truie fulpbur^ which is purified by a 
2cl fublimation ; but in Bohemia and Saxony 
they obtain it by immediate diftiUation from 
the pyrites, and this is again purified by 
fublimation in cldfe veffels^. 2 Schlut. 22J, 
Moft of that ufed here eomes from Italy i. 

Sulphur is difcovered in tarths or ftones 
cither by its inflammation, or by diftiUation, 
with or without white arfenic or mercury, or 
by folution of the matrix in marine, or dilute 
ditrous acid, jOr bydigeftion in, or fufion with 
6xed alkalis. 



PART 
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t» A R T IV, 

Metallic Suhjiances. 

I. ^TV/f ETALLIC fubftancea^ are opake 
^^^ bodies, whofe fpecific gravity ex- 
ceeds 55OOGS confifting of a heavy, dull, 
brittle earth combinable with phlogifton, and . 
during that union poffefling a peculiar fhining 
appearance. They are all coii<iu<Sloir8 of 
eledtricity, and more perfectly fo than any 
other bodies during their union with phlo- 
gifton. They are all foluble either in the 
nitrous acid, or in aqua regia, and all preci- 
pitable in fome degree by cauftic alkalis, and 
(except platina) by the Prufflan alkali ; all 
when dephlogifticated communicate a tinge 
to borax or microcofmic fait when melted 
with thefe fluxes, or render them opake; all 
melt in fome degree of heat, and moft com- 
monly affume a convex furface, or if in fmall 
quantity a globular form when in fufion^ 
and in that ftate are mifcible with each other 
for the moft part, but refufe to unite with 
any other unmetallic fubftance, even their 
own calces * ; but when calcined they are 

* Iron is an exception to this rule, for even in its re» 
guline {late it is capabie of uniting to its own calces flightJy 
dephlogifticated, and to plumbag' : fome of thena alfo may 
contain fulphur even in their reguline fiate as nickel, &c. 

capable 
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capable of union with other earths ahd faltii. 
The phlogiftori ip all of them is in a pure 
ftate, that is, free from water and aerial 
acid, fubftances that invariabljr accompany it 
in all other compounds, except acid airs and 
fulphur. The more earthy part Or calx of 
fome metallic fubftances has been found to be 
of an acid nature. 

2. There are 17 metallic fubftaiices tiow 
known ^ namely, gold, platina, filver, cop- 
per, iron, lead, tin, mercury, zinc, regulua 
of antimony, regulus of arfenic, bifmuth, 
cobalt, nickel, regulus of manganefe, fyde- 
rites, and regulus of molybdena. 

Of thefe gold, filver^ platina and mercury 
are reckoned perfect or noble metals, becaufe 
wheri calcined they recover their phlogifton 
without the addition of any phlogiftic fub- 
ftance : whereas copper, iron, lead and tin 
cannot be entirely reduced without fuch addi- 
tion, and hence are called ignoble or imper- 
fe(ft : however, all thefe (even mercury when 
folid) are malleable to a great degree, and* 
hence called intire metals* wheteas 2inc, 
regulus of antimony, regulus of arfenic, &c. 
are fcarce at all malleable, and hence are 
c;alled femi'^metals : however zinc and purified 
nickel are more malleable than any of the 

0^2 reft. 
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reft. Hence there are 4 perfe<fJ: metalsi 4 
imperfed, 8 intire, and 9 femi-metals. 

3* Metallic fubftances in their natural ftate 
are found either united to their full comple- 
ment of phlogifton, and confequently pot* 
iefling their refpe£kive and peculiar proper- 
ties, and thence called native^ or more or l^fs 
deprived of their phlogifton, and the pro- 
perties refulting from their union with it, 
moft commonly, if not alwAys, by combi- 
nation with fome other fubftance, and then 
they are faid to be mineralized^ becaufe this is 
their moft ufual ftate in the mineral king- 
dom, and the fubftance fo combined with 
them is called a mineralizer ; the whole is 
called an ore i fo alfo are earths and ftones, 
in which metallic fubftances are contained in 
a notable proportion. 

4. When the mineralizer is of a faline 
nature, and renders the metallic fubftance 
with which it is combined foluble in lefs than 
20 times its weight of water, the compound 
is generally ranged among fait si thus the 
vitriols of iron, copper and zinc are rather 
claffed with falts than with ores. 

5. The commoneft mineralizers are ful- 
phur, arfenic, and fixed air : the leaft com- 
mon are the vitriolic and marine acids i the 

phofphoric 
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pliofphoric has been found only in one in* 
ftance; metallic fubftances mineralized by 
£xed air are called calciform ores, from their 
refemblance to the calces formed by art, 

6. It is true that fome mineralogifts of the 
firft rank exclude arfcnic from the number of 
roineralizers, as it is itfelf a metallic fub- 
ftance, faying, that with equal propriety 
other metallic fubftances that render metals 
brittle might be called mineralizers ; they 
alfo add, that arfenic is never united to metals 
but in its reguline ftate, and therefore that 
the compound it forms fhould rather be called 
an alloy than an ore ; and, indeed, if this laft 
circumftance always took place, I ftiould not 
hefitate to agree with them ; but it feems 
'clear to me that the calx of arfenic, and even 
its acid being capable of uniting with metals, 
(an union which the calx of no other mc^ 
tallic fubflance is capable of contrafting) theib 
metals cannot unite to that calx or acid with- 
out lofing fome part of their phlogifton, and 
confequently without being mineralized in the 
ufual fenfe of that word ; yet if regulus of 
' arfenic be combined with metals without any 
lofs of phlogifton (an union which art may 
produce by means of the black flux) I will 
allow the compound Ihould rather be called 
an alloy ^ but fuch an union I believe feldom 
or ever takes place in the mineral kingdom. 
CL3 Hence 
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Hcxkct I chufc to follow the common Ian* 
guage, whicht without very cogent reafons, 
flu>uld never be departed from. 

7. All metallic fubftances are therefore of 
ncceffity flightly dephlogifticated when united 
to fulphur ; but as metallic calces, in their 
moid dephlogifticated ftate, are alfo capable 
of uniting with fulphur, hence it happens 
that they are fometimes more and fomctimes 
lefs dephlogifticated in various fulphurated 
ores, particularly the pyritous, 

8, Metallic fubftances mineralized by fixed 
air are alfo fometimes more and fometimes 
lefs dephlogifticated. 

p. Metallic calces always containing fome 
foreign ingredient afford a fmaller weight 
when reduced ; and it is this laft that is 
moftly denoted, and when the proportion of 
metal in any ore is affigned. 

C H A P. !• 

Gold, 

1. The diftindive charafters of gold are 
the following : i^- A fpecific gravity reachi- 
ing to 19,64. 2^^^' Infolubility in all acids, 
except aqu4 regia, and the dephlogifticated 

marine 
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marine acid» and precipitability from thefe 
acids in the form of a purple powder by fo- 
lution of tin, or in a metallic form by the 
folution of vitriol of iron. ^^^^' A yellow, 
or reddifh yellow colour when in its metallic 
ftate. 

Gold expofed to the utmoft heat of Mr. 
Parier*^ lens for fome hours loft no fenlible part 
of its weighty yet when in contadl with earthy 
matters, it communicated a blue or purplifh 
tinge to them, fo that I believe an exceeding 
minute portion of it was dephlogifticated. 

Gold Ores. 

2. Gold being incapable of uniting with ful- 
phur, or even with arfenic, but very diffi- 
cultly and while in fufion^, or with fixed 
air, is for that reafon never found minera- 
lized, but either native or invifibly mixed 
with other fubftances* 

Species L 

Native. 

3. Native gold is found either feparate 
from any matrix in lumps, or vifible grains 
mixe4 with fand, and in this ftate it is found 
in many rivers in France^ Africa^ and elfe- 
where, or invifxbly difperfed through large 

0^4 maffes 
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inafles of fand* particularly the yellowifh 
Ired, or violet, and in this ftate it is fo gene- 
rally difFufed through all fpecies of Parthsj 
though in exceeding fmall quantity, that Mr. 
Bergman thinks it i§ more univerfally foun4 
than any other metal, except iron. 2 Erde^ 
B^hr. 313; If ICO pounds of fand con- 
tain ?4 grains of gold, it is faid the feparation 
is worth attending to, but in Africa^, 5 pounds 
of fand often contain 6^ grains of gold, or 
even more ; the heavieft fand, which ia often 
black or red, yields moftf In Hungary^ ip,ooa 
J)OUnds df fand yield but 10 or 19 grains of 
gold ; it wasextrafted, but withlofs. Bom^ 
letters from Hungary. Or vtfibly imbodied 
in fome matrix, and in this ftate it is found, 
either in a granular, foliated, or ramified 
form, in ftones of the calcareous, but chiefly 
of the filiceous genus, as fpar, gypfum, felt- 
fpar, hornblend, jafpar, and moft frequently 
quartz, in Hungary^ Tyrok^ Siberia^ &c. ' 

4^ Gold interfperfed through fand, is fepa- 
rated by mere mechanical means, as is amply 
defcribed in the Paris Memoirs 171 8, and 
1736, and Boms' s Letters from Hungary^ 

^. But when it is imbodied in Earths and 
ftones, thefe may be eflayed in the moift way 
by pounding them very fine, weighing a da* 
terminate portion, an4 attempting their fo- 

lutlQUi 



Cold. 2JJ 

lutibn, if calcareous^ in nitrous acid> which 
will diflblve the matrix, and leave the gold 
at bottom untouched, or if gypfeous or fili- 
ceous by digcfting them in aqua regia* 
as long as any metallic fubftance is taken up« 
which the folution of tin, or phlogifticated 
alkali will indicate, and then precipitating the 
gold by a folution of vitriol of irofl. 

6. Or by Amalgamation, with ^V ^f ^^^if 
weight of mercury, in a copper or iron veffel, 
in which the mercury and pulverifed fand arc 
put together with water, which is kept con- 
llantly boiling, and the toercury after fome 
time, abforbes the gold, from which it is fe« 
perated by diftillation, Leiv. Com. 194. — 
or by heating the fand red hot, and quench- 
ing it in water 3 or 4 times, then melting 
it with twice its weight of litharge, then 
reviving the litharge by charcoal, into lead, 
which then feparates from the fand, and 
laftly, freeing the gold from the lead by cup- 
pellation. Leivis, Ibid. 

7. Native gold i^ feldom found perfedly 
pure, being generaly alloyed with filver, or 
copper, or iron, or all three. If fuch alloy 
be diflblved in aqua regia, the filver will re- 
main at the bottom in the form of horn filver. 
If then a folutioa of vitriol of iron be drop- 
ped intp-theHfolution of gold, this latter will 

be 
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be precipitated, and the copper and iron may 
be precipitated by the phlogifticated alkali, 
ai>d feparated as hereafter will be fecn. 

Species IL 

Mixed nvith yeUoiv or Martial Pyrites. 

8. It is found thus mixed in the mine of 
Adelfqrs in Sweden. According to Cronjied^ 
f 166, I ob pounds of this ore contains but 
one ounce of Gold, and it is faid to be hardly 
worth extrading. The pyrites is of a bright 
yellow colour, clofe and compafi:. The gold 
in this ore is faid to be mineralized by ful* 
phur, by the medium of iron, becaufe it can^ 
not immediately be extracted by aqua regia 
or amalgamation, but Mr. Bergman^ though 
he inclines to the opinion of the mineraliza- 
tion of gold, yet is candid enough to own, 
that the gold, when extracted from this ore, 
being of a granular or angular form, it is 
very doubtful whether it was not rather 
mixed than truly combined with the fiil- 
phur and iron, and its proportion being ex- 
ceeding fmall, it is not wonderful that it 
fhould efcape aqua regia, more efpecially as 
the nitrous acid becomes fo phlogifticated 
by adling on the pyrites, as not to be able tQ 
dephlogifticate the marinCj^ and mercury, 
from the nature of things, can have no ac- 
cefs to it. 

9. This 
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9. Thi& and fuch lil^e QKa, may be eflfayed 
by diffolving them ui about 12 times their 
weight of d&lute nitrcms aQid> gradually added» 
2LtA a beat of about 120 degrees ^ this take$ 
up the foluble part, and Leaves the gold un- 
touched with the infolubie matrix^ from which 
it may be feparated eith^ by }ottOB> or by 
ac[ua regia, from which it is precipitable as 
above. The fulphur floats for the moil part 
on the folution from which it fhould be £b^ 
parated by fiHratioiu The folution may con- 
tain iron, copper, manganefe, calcareous 
Earth, or argill ; if it be evaporated to , 
drynefs, and the refiduuro heated to redneis 
for half an hoiu*, volatil alkali will extraft 
the copper ; the dephlogifticated nitrous 
acid, the Earths ; the acetous,; the manga- 
nefe ; and the marine, the calx of iron, 

10 Gold may alfo be feparated from py- 
rites after torrefadion, by aqua regia, Mon* 
Mineral. 277, 

1 1. Pyrites containing gold, is ^Ifo found In 
Swijerland s^nd Hungary, that found in Hun^ 
gary, contains 5 ounces of gold per quintal, 
Man. Expofitiotks da Mines y p. 47. the gold 
mines of Nor^wayy are of the fame nature as 
thofe df Adelfors^ 2 'Jars^ 

12. In 
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12. In the dry nvay^ Mr. Bergman cflays 
thefe ores, by mixing 2 parts of the ore, well 
pounded and waihed, with one and a half of 
litharge, and 3 of glafs, covering the whole 
with common fait, and mdting it in a fmith's 
forge, in a covered crucible ; he then opens 
the crucible, puts a nail into it, covers it^ and 
heats it again, and continues to do fo until 
the iron is no longer attacked. The lead is 
thus precipitated, and contains the gold which 
is feperated by cuppellatipn, Schef. 259. i An^ 
merh 

Species III. 

Mixed nvith Arfenical Pyrites. 

, 1 3. Found at Salzbergh in Tyrole^ in moun<- 
tains of quartz and fliiftus; the quintal affords 
only about 25 grains. It is fej^arated by 
lotion, and affords a profit of between 4 and 
500/. per an. 2 Jars. 78. 

Species IV. 

Mixed with a white^ redy or Vitreous Siher 
Ore. 

14. Near Cremnitz and Schemnitz in Hun^ 
gary^ 2 Jars. i6s^ 195. 

Spbciss 
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Species V. 

Mixed with afvlpburated Ore of Silver^ Iron^ 
Leady and Manganefe. 

15. Lately found at Nagaya in Tranfyt-* 
vania. This ore confifts of fmall dark co* 
loured plates of more or lefs brightnefs, in- 
hering in quartZ) and a foft whitifh fubftance, 
which Mr. Bergman found to be manganefe;. 
Part of the gold may be extracted from it 
by eliquation in a cuppelling heat, its fufi- 
bility being promoted by the lead. 

1 6. If the dark coloured plates be feparated 
from the remaining mafs, and treated with 
aqua regia, the gold and iron will be ex- 
traded, and may be feparated ^s above menti- 
oned, N? y. but none can be extracted by 
anialgamation, ScopoL An. 3. p. 90. 

17. This ore is faid to afford 10 ounces 
of gold per quintal, befides filver, its fpecific 
gravity according to Gellerty is 41043. 

Species VI. 

Mixed nvith fulphurated Iron and Copper^ with 
Manganefe. 

18. This is a yellow pyrites, found alfo at 
Nagaya^ in which gold is contained ; Mr. 

, Bindheim 
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Bindheim lately effayed this ore in a particu- 
lar manner. The pyrites being well pulve- 
rifed, were heated in an o{>en crucible, untrl 
the fulphur was burnt off* The refiduum 
while hot, was thrown into water, a reddifh 
brown matter remained undiffolved. This, 
when dried, was digefted in 3 times its weight 
of aqua regia, then diluted and filtered, and 
aether poured on it and fhaken. The aether 
took up the gold, and being burnt off, left it 
in its metallic form, 4 BerU Schrift. 393* 

19* In Peru gold is foutid mixed with a 
ilony matter, not well known, and alfo with 
a red f.arth, from both which it is there ex- 
traded by amalgamation, 2 Jars. 

CHAP* 11. 

Platina. 

t. Platina has as yet been found only 
among the gold mines of Peru. It comes to 
us in the form of large fmooth grains, of an 
irregular figure, fome of them hollow, whiter 
than iron, interrhixed with quartz, and a fer- 
ruginous fand, and in the cavities, fometimes 
particles of gold, but more frequently quick- 
filver is found, which may be feparated by 
diftillation ; whence it is conjectured, that it 
is not brought to us in its natural ftate, but 
that it has been feparated from gold with other 

matters. 
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matters, by amalgamation. Moft of Its par- 
ticles are friable and magnetic, but fome few 
are malleable to a confiderable degree, and 
may be feparated by a magnet, but according 
to the accurate experiments of Count Sickm- 
gen^ even thefe contain about 4^ of their weight 
of iron. Before it is feparated from qaartz, 
its fpecific gravity is from 6,000 to 11,000, 
and after that feparation from 16 to 18. It is 
foluble only in aqua regia, or dephlogifticated 
marine acid, and is nearly infufible in terref- 
trial fires, the great burning lens oi Paris only 
agglutinated its particles in 20 minutes, Mr* 
Parkers perfedly melted them in lefs than 
two. It is precipitable from its folution by 
falammoniac, as our late excellent chymift Dr- 
Lenvis has difcovered, a property by which it 
is eafily diftinguiihed, and feparated from all 
other metals. It is not precipitable by thfi 
Pruffian alkali, as all other metals are. 

2. Its ores, if it has any, are not yet known* 

3. Platina is purified from iron by reite- 
rated coition in fpirit of fait, folution in aqua 
regia, and precipitation of the iron, by the 
Pruffian alkali. When pure, its colour ap- 
proaches to that of filver, its fpecific gravity 
is nearly 23,000, it is not in t;he leaft mag- 
netic. 

CHAP. 
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CHAP. IIL 

Silver. 

I. Silver is the whiteft of all metals ; its fp€f-* 
cific gravity when pure is 1 1 ,695 ; it is foluble 
in the concentrated vitriolic acid with the af- 
fiftance of heat, and in the moderately diluted 
nitrous acid without that affiftance ; it is pre- 
cipitable from both by the marine, and from 
the nitrous in great meafure by the vitriolic ; 
its calces are reducible without the addition of 
2iny phlogiftic matter, and it is incapable of 
calcination by miere heat. 

Species I. 

Native. 

** 2. Native filver is found iii a granular, 
lamellar, filamentous, capillary, arborefcent, 
or cryftalized form, inhering either in baro- 
felenite, lime-ftone, felenite, quartz, chert, 
flint, Terpentine, gneifs, agate, mics^, calca^ 
reous fpar, pyrites, fhiftus, clay, 5fc, alfo in 
feparate maffes of various fizes, fome of the 
weight of 60 poundi^ in or near the veins of 
moft metallic fubftances, particularly in Peru^ 
and frequently in various parts of Europe, 
either of a white, brown, or ycUowilh 
colour. 

, 3. It 



&tvef^ 241 

^. It Is often difFufed through fand 
khd ochre, alfo in grey lime-ftone in Lower 
iAuftria^ and in a greenifh clay near Schem^ 
nitZj or miked with ochre, clay and calciform 
nickel* 

4. It is feldom found pure, being gene- 
rally alloyed with copper, and fometimes 
with a fmall proportion of gold, iron, or re* 
gulus of antimony *, and fometimes about 5 
per centi of arfenicf ; it is fcparable from 
gold and regulus of antimony by folution in 
nitrous acid, and from copper and iron by 
precipitating it by the marine acid |, add 
from arfenic by torrefa<aion. 

100 gr. of the horn filver contain 75 of 
real filver ; it Is reducible by triturating it 
with about its own weight of fixed alkali 
-With a little water, then meltingthe whole in 
a crucible, whofe bottom is covered with mi- 
neral alkali well preffed, and covering the 
mafs of horn filver alfo with the mineral 
nlkali. 

5. The native filver found iiear iC^w/^yJJfr^ 
contains fo much gold as to acquire a yellow 
colour from it. 

^ Bergm. Sciag. §,154. f 13 Rcnu SupfU»t»^. 50. 

• % A more perfe6t manner of feparating it from copper 
will befeeo^^zi. 

R Species IL 
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Species IL 

Mineralized by Sulphur, 

Vitreous Silver Ore^ Glafzertz. 

6, It is found either in folid large lumps^ 
or inhering in quart2, fpar, gypfum, gneifs> 
pyrites^ &c. of a lamellar, granular or capil- 
lary form, or cryftalized ; it is generally of a 
lead colour firft, but grows black by expo- 
fure to the air, but fometimes grey or black, 
even when firft broken; its laminae are 
flexible and dudil, and even malleable in 
fome degree, and (b ibft, that they may be 
cut with a knife; its fpecific gravity is 
7,200 * ; it is one of the richcft of the filver 
ores. 

100 parts of it contain from 72 to 77 of 
filver ; it is rarely contaminated with any 
other metal befides a fmallproportion of iron. 

7. It is found in Hungary near S&entnitz, 
and in Saxony nc2LtFreyburgbj particularly in *r 
Uie famous mine of Himmehfvrji. € 

8. It is analyfed by boiling it in moderatily 
dilute nitrous acid» ufing about 25 times its 
'weight, until the fulphur is quite exhaufted. 



The filver is precipita^ted by marine acid, or 
fcommon fait, and eftimated as in N"^ 4. The 
Pruffian alkali will ftiew if any other metal 
is contained in the folution; the gold, if 
any, will remain undiflblved ; fixed alkalis 
will precipitate any other earthy matters con- 
tained ih the folution. 

9. In the dry way, tt may be reduced by 
inelting it with the blow-pipe on charcoal ; 
for the fulphur is diffipated, and the filver re- 
tnains ; Of by melting it with ^ of its weight 
0^ filings of iron, as the iron will take up the 
fulphur and be fcorified. 

. Species III. 
Mineralized by a /mail proportion of Arfenic. 

10. This ore is of a yellowifh white co- 
lour, and of a ftriated texture, refembling 
bifmuth, but much harder; it melts very 
eafily, and if kept in fufion, it lofes its 
arfenic, and the filver remains almoft intirely 
pure, as it contains but very little iron ; it 
contains about 90 per cent, of filver, and is 
found near ^adanal^Canal in Spain. Mon. 
Mineral. 281/ 

Species IV. 
. ^ner^^id by a large proporf ion of Arfenic. 

11. Tfie proportion pf arfenic in tilii^^re 
^^ ^o gNiP' that it would fcarce deferve 1i|Kbe 

' R 2 ' ca!»d 
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called a filver ore, if the arfeiiic were not 
cafily diffipated : the quintal contains but 
from 4 to 6 ounces of filver ; it is very foft, 
and eafily ciit, and when cut has a brilliant 
metallic appearance ; it confifts of conchoidal 
laminse; it is found alfo at ^adanal- Canal. 
Mon. Ibid. 

12. It is reduced by evaporating the 
arferiic, which then leaves the filver (lightly 
contaminated with iron. 

Species V. 

Mineralized by Sulphur and Arfenic. 

Red Silver Ore^ Rothgulden ertz. 

^13, This is a heavy, fliining fubftance, 
either tranfpar^ent or opake, moftly of a 
crimfon or red(Mi colour, though fometimes 
grey or blackim, biit when fcraped or pow- 
dered always reddifli; found either in ihape- 
lefs mafles, or cryftalized in pyramids or po- 
lygons, or dendritritical, or plated or radiated 
incruftations, on or in matrixes of quartz, 
flint, fpar, pyrites, fparry iron ore, lead ore, 
pyrites, cobalt ore, jafper, barofelenite, gneifs, 
&c. when radiated or ftriated, it is called 
rothgulden bluth. In fire it crackles and melts 
after it has acquired a red heat, with an arfe- 
nical fmell ; it detonnates with nitre^lits fp<^- 

cific 
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cific gravity is from 5,4 to 5*684. Mr* 
Bergman fouad 500 gr. of it to contain 60 
of filver, 27 of arfenic, and 13 of fulphur. 
2 Bergm. 303. but fometimes it contains 
even 70 per cent of filver. The darkeft ores 
are the richeft* and thefe often contain a little 
iron ; the yelloweft are the pooreft ; the moft 
yellow does not belong to this fpecies^ being 
in fa£t orpinxent* coQtainjng 6 or 7 per cent, 
of filvert 

14.. To analyfe this ore in the moift way> 
Mr. Bergman advifes to boil it after it is re- 
duced to a very fine powder in dilute nitrous 
acids, as in ^\ 8, and to edulcorate the refi- 
duum very carefully which contains the ful- 
phur and arfenic, which may be feparated by 
boiling in a fufficient quantity of aqua regia : 
if the fulphurflill retains any luna cornua, it 
may be feparated by cauflic volatil alkali« 

15. In the dry way it is reduced after tor- 
refadion by a mixture of iron and lead ; ,the 
iron takes up the fulphur, and the lead the 
filver, which is afterwards feparated by cup^ 
pellation. 
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Speci'es VI. 

Miner aUzeii by Stilpur, and a very fmall Por^ 
tioh of Affenic and Iron. 

Black Silver Ore. Schwartz ertzy Schwartz s 
gulden. Silbjermuim^ 

16. This is cither of 2if6lid and brittle con-r 
Jiftence, which diftingutflies it from the 
vitreous ore, and of a glafly appearance in 
its fra<fture when recent, or of a loofer texture^ 
and footy or deep black colour, like mofs or 
thin leaves lying on the farface of other filver 
ores, or of thofe df kad or cobalt, or in clays, 
ponderous fpar, gneifs, &c/ it may contain 
2^bout 25 per cent, of filver : the former is 
jfound in Dauphin^y Hungary ^ and Saxony ^ 
and contains at mofl 60 per cent, of filven 
Mon. Minttal. 302. 3 Lin. von^. Qmel. 4C3|6. 

Species VII. 

Mineralized by Arfenic^ and containing a large 
Proportion of Iron. 

Arfenicomartial Silver Ore^ Weifs ertZy Py^ 
rites Argenteus of Henckel. 

1 7. Mineralogifts do noj well agree about 
the ore to which this dencjmination belongs. 
I follow Mr. Mqnnet^ who feems to have at- 
tended 
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tended to the divifion of ores moft exactly. 
According to him this ore is a hard fubftance, 
of a white, fliining appearance, and of a 
compadl, lamellar or fibrous texture; the 
brighteft is the pooreft in filver^ the richeft 
gives only 10 per cent, the pooreft 6 or 8 
ounces : it contains no fulphur ; and hence 
Mr. Monnet calls it a metallic regulus, not 
confidering that the iron is in a calcined ftate, 
which fully proves that arfenic is a true mi- 
xieralizer: the iron and arfenic are in various 
proportions, but the arfenic always exceeds* 

It is found in Saxmy^ the Hartz, at ^a^ 

danal-Canaly S<c. 

18. It is eiTayed in the moift way, as in 

Species VIII. 

Mineralized by Arfenic and Suipbur, nvitb a 
fmall Proportion of Copper j^ and a JiUl 
fmaller of Iron. 

White Silver Ore^ WeifsguUen. 

19. It is a heavy, foft, opake fuhftancc, 
fine grained or fcaly, bright and fhining in 
its fradlureS, of a whitifh, fteely or lead co-» 
lour, fometimes cryftali?ed in pyramidical or 
cylindrical forms, but often in amorphous 
grsyns, or refembling mofs, or in the form of 

R 4 th^n 
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thin laminse incruftating other bodies, found 
in quartz, fpar, ftellftein, pyrites, blend, lead 
ore, cobalt ore, fparry iron ore, fluors, &c. 
It is very fufible ; its fpecific gravity 5,000 
or 5>3ooj its prdportioa of filver from 10 
to 30 per cent, 

20. It is found, though not commonly, 
in Saxony y Hungnry^ the Hartz^ and St, Marie 
aux Mines, 

21. Mr. Bergman analyfes this ore in the 
following manner. Having pulverized and 
weighed a certain portion of it, he attempts 
its folution in about 1 2 times its tveight of 
dilute nitrous acid : the copper and filver are 
diflblved, and a white refiduum remains. 
The filver he precipitates, not with marine 
acid, for this would unite alfo to the copper, 
and with the filver form a triple fah, which 
would alfo fall, but with a clean plate of 
copper previoufly weighed ; the filver being 
in its metallic form, may immediately be 
weighed, and its contents known : the cop- 
per fhould then be precipitated by aerated mi- 
neral alkali ^ 1 94 gr. of this precipitate well 
dried are equivalent to 100 of copper in its 
metallic form ; but from this laft, the weighty 
which the plate pf copper loft, piuft be fub« 
traded* 

92. The 
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22. The white refiduumf containing the 
fulphur, arienic and iron, is next to be eK« 
amined : by boiling it in fpirit of falt> the 
arfenic and iron are taken up; the arienic is 
to be precipitated by the addition of water, 
and then the iron by the PrtiJJian alkali ; the 
fulphur remains undiflblved, and may be 
treated with vol;itil alkali to try whether it 
retains any copper or horn filver, % Bergm^ 

Species IX. 

fJlineralized by Arfenic and Sulphur^ with a 
large Proportion of Copper andfome Iron. 

Grey Silver Ore^ Fahlerz. 

23. This is a hard, grey, or dark grey fub- 
ftance, more orlefs brilliant, fometimes cryf- 
talized, but moffly amorphous, and i§, in 
fa6l:, the grey copper ore hereafter to be 
mentioned. Chap. 4. N°' 26, impregnated 
with filver, and varies much in its contents 
from about 1 to 12 per cent, of filver, and 
from 1 2 to 24 of copper, the remainder be- 
ing fulphur and arfenic, with a little iron : 
the richer it is in copper, the poorer in filver, 
and reciprocally. Mr. Monnet remarks, that 
wherever copper is united to arfenic, filver is 
alfb found ; it is the commoneft of all the 
filver ores : the grey filver ore pf Dal m 

Sweden 
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Swedefk tootains alfo regulud of antimony, 
aad, accordif^ to Mr. Bergman\ it contains 
24 per centk of copper^ and 5 of filver j but 
^s l>elongs to the next Speciea. 

Species X, 

Mineralized by Arjentc and Sulphur^ with Cop* 
per. Irony and Regulus of Antimony. 

Brp%vn Silver Ore^ Leber erz. 

24. Its colour is moftly of a reddifii brown, 
fometimes dark grey, lometimes it is found 
cryftalized in pyramids, but moftly amor- 
phous ; when fcraped it appears red; it con- 
tains from I to 5 per cent, of filver; the 
greateft part is copper, and the next in pro- 
portion is arfenic. 

It is found in Sweden^ Germany and Spain. 

25* It is analyfed by boiling it in about 6 
times its weight of dilute nitrous acid, which 
will take up the filver and copper, and leave 
the regulus of antimony and arfenic : thefe 
being boiled in ftrong* nitrous acid are de- 
phlogifticated, and the arfenic becomes foluble 
in %^ter ; the calx of antinu)ny remains ua- 
diflblved ; the fulphur may be found in a 
fecond experiment, ufing aqua regia inftead 

of 



of the coiiceiAraftcd mtrotis acid; th^filvcff 
und copper arefepatatddas m N"*- 21, 

SPECtBS XL ^ 

J4ituraliud by Sulphur and Arfenlcy with Iron 
and Regulus of Antimony. 

Plumofe Silver Orty Feder ertz. 

26. In point of colour this ore varies from 
a dull white to grey, dark blue, brown car 
black; it is found in a capillary form, or, 
like wool, fometimes loofe, at other times at- 
tached, its filaments are rigid and inflexible ; 
the whiter it is, the richer ; but it feldom con- 
tains even i per cent, of filver. It is found 
m Saxony and elfeivhcre. Some confound it 
with the foregoing. 

. Its analyfis may be underftood from N^^ 
,21 and 25. 

Species XII. 

Mineralized by Sulphur and Arfenicy with 
Cobalt and Iron. 

Cobaltic Silver Orej 

27. This ore is diftinguiflied by rofe-cb- 

• loured articles, of cobalt difperfed through 

a dark brown, blackifti, or grey, and fome- 

ijyhat Ihining folid mafs. It is found in 

,^ . Saxony^ 
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Saxony 9 and at AUemmt in Dauphiniy and 
contains about 40 or 50 per cent, of filler, 
and very little cobalt ; the arfenic is in an 
add ftate^ and united to the cobalt. 

28. To analyfe it, let it be diffolved in 
nitrous acid ; thefilver and cobalt will be taken 
upt and moft of the iron will remain cal* 
cinqdy together with the arfenic ; the filver 
may be precipitated by the marine acid, and 
the cobalt by an aerated fixed alkali, and its 
weight determined, as will be ibewn in 
CJiap. 13. 

Species XIII. 

Mineralized hy Sulphur^ -with Regulm of An^ 
timony and Baryteu 

Butter milk Ore. 

29. Ijt appears in the form of thin pellicles^ 
on granular (par. 

Species XIV. 
Combuftile Silver Ore. 

30. This is black and brittle, and leavea 
about 6 per cent of filver in its afhes, it is a 
coal in which filver is found. The filver is 
extraded as ufual by nitroua acid. 

Species XV. 
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Mineralized by the Vitriolic and Marine Acids^ 
with a little Iron^ and fome times with a 
mixture of the Vitreous Ore. 

Corneous Siiver Ore^ Horn ertz. 

51. This fcarce and valuable ore is of a 
^yhite, grey, pearly, or yellow, green, brown, 
purple, or black colour, frequently cryftalize4 
in a cubic form, fomettmes refembling an 
Earth, eafily fufible without any fmoke. 
The black fort is friable, and eafily pulve- 
rifed, but the other fort is in fome degree 
malleable, may be cut with a knife, and takes 
•a fort of polifli when rubbed • The vitreous 
ore mixed with the black, is foluble in nitrous 
^cid, and may by that means be feparated^ 
the faline ores -being infoliible in that acid ; 
if pure from iron, thefe ores Ihould contain 
70 per cent of (ilver at kaft, but they moftly 
contain fome portion of iron, qf which fome 
is even united to the marine acid according to 
Monnet. It is found in Sapcony^ Bohemia^ St^ 
Marie attx Minesj Siberia^ and Peru. It wajJ 
firft effayed by Mr. Wolfed Phil. Trans. 1776, 
and afterwards, though lefs exa£lly, by Mr. 
Monnet^ in 1777* fce 9 Mem. Etr. p. 717. 

32. Mf. 
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32. Mr. Bergman gives the following itioft 
ingenious method of analyfing thefe ores ia 
the moift way* 

I*"- He digefts this compound ore in the 
marine acid for 24 hours, by which means 
the vitriol of filver is decompofed^ aiid the 
whole is convei-ted into horn filVer. Hef 
then judges of the quantity of the vitriol of 
filver, by the quantity of vitriolic add let loofe 
in the liquor, and to find how much this is^ 
he decants the clear liquor, and drops into 
it a folution of nitrous barofelenite, which is 
immediately decompofed by the Vitriolic acid^ 
and forms true vitriolic barofelenite, of which 
100 grains contain 15 of dephlegmat^d 
vitriolic acid, and fo in proportion. NoW 
100 grains of vitriol of filver, contain 25,37 
of the fame dephlegmated acid, fo that 25,3^ 
grains df this acid, indicate ioo of vitriol of 
filver, and fo in proportion, and thus the quan- 
tity of filver in the vitriol of filver is alfd 
found, as 100 grains of it contain 74,62 of 
filver,* and the proportion of vitrol of filver 
being known, that of horn filver of courfe, 
is known ; but if the ore be of the black 
kind, after the whole is turned into horn 
filver, it fhould be digefted in cauftic volatil 

* According to Mr. Bergman^ 100 parta of vitriol of filver, 
cpntaia but 68,75 ^^ filver* 

alkalii 



Silver 4 25^ 

alkalu which will take up the horafilvef^ 
and leave the vitreous ore. The iron, if 
any, fliould be precipitated from the firft 
folution, by the Prujfmn alkali, after the pre- 
cipitation of t;he barofelenite. 

Uncertain Mineralizations. 

Species XVI. 
Goofc'dung Ore. 

33. This is of a greenifh colour, mixed 
with «)(ellow and red ; it is faid to contain 
about 6 per cent of filver. Some think it a 
mixture of red filver ore, and calx of nickeL 

Species XVIL 

Foliaceous Silver Ore. Silberartiges^ Berg^ 
zunder. Blatter erz. 

34. Its colour is mortdorS. It is thought by 
fome to be native filver, by others a mixture 
of galena, ochre, and filver, it is found in 
mountain cork, it isfo light, that it fwims on 
water. It contains but one ounce of filver 
per quintal. See Lehman^ s Experiments^ 
Mem. Berl. 1758/ 

Species XVin. 
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Species XVIII. 

Mineralized by Sulphur ^ Arfenk and Bifmuth. ' 

^^. Siich ores have been talked of, but 
their exiftence has not as yet been proved. 

36. Silver has ilfobedn found in the fulphu* 
fated ore of zinc called pech blend, and in that 
of lead called galena, particularly the latter, 
alfo in the copper pyrites, but in fmall quan-^ 
tity, as ihall be mentioned in their proper 
places. 

37. If an ore yields i per cent of filver, it 
Is generally worth extra£ling. 

C li A P. iv. 

Copper. 

1. Its colour is pale red as is well khowrt. 
Its fpecific gravity from 8^7 to 9,300, de- 
pending not only on its purity, but alfo oil 
its condenfation, by hammering. It is foluble 
not only in acids^ but alfo in alkalis and neu- 
tral falts. It is precipitable from moft acids, 
in its metallic form, by a clean plate of 
iron, and moft of its aci^ folutions are con- 
vertible into a deep blue, by volatil alkalis. 
Thefe chara^rs are futficient to diftia- 
guifh it. 

Species. I. 
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NativCi 

i. Native copper, that is copper in a nldrd^ 
br lefs malleable ftate, and either of its own 
peculiar, or of a grey or blackifli colour, has 
been ibund either in grains, or in large Ihapc- 
lefs folid lumps, or in a foliated, capillary, 
arborefdent form, or cryftalized in quadran- 
gular pyramids, in or on clay, fhiftus, quartz^ ^ 
fluors, zeolytes, &c. in Siberia^ Swedeth Ocr^^ 
matty^ Hungary, Tranfylvania^ &€. 

- 3i It undoubtedly has fometimes beeft pro- 
duced from precipitation by iron from wa- 
ters in which it was held in folution, and this 
is the pureft fort, but in many cafes it could 
not have been produced in that manner, and 
then this fort is never very pure, but mixed 
either with gold, filver, or iron, or with ful- 
phuri this laft combination forms what is 
called black copper. 

4. All thefe impurities are difcoverable by 
folution, in nitrous acid ; the gold remains 
, lindifTolved in the form of a black powder, 
foluble in aqua regia ; the filver may be pre- 
cipitated by the marine acid, or ftill better by 
a clean polilhed plate of copper, the iron i( 

S feparated 
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feparated by boiling the whole as it is dephlo- 
gifticated, and rendered thereby infoluble. 

Mineralized. 

y. We may obferve in general, that all cop- 
per ores after roafting, communicate a blue 
cc^lour to volatil alkali, on digefting them in it. 
Before roafting, it is poffible that arfenic may 
prevent that efFedt, or even fulphur, if in 
fufficient quantity. 

Species II. 

Mineralized by the Aerial Acid. 

Calciform Ores. 

6. Of thefe there are three varieties, the 
red, the green, and the blue, all are folubic 
in acids, and blacken in a moderate heat. 

I. Variety. 

Red^ Minera cupri calciformis Rubra^ Minera 
hepatica^ Leberertz. 

7. We fometimes meet with this ore in a 
loofe form, then called copper ochre, but 
generally it is inoderately hard, yet brittle, 
.fomctimes^cryflalized and tranfparent, either 
in a capillary form, or inxubes, prifms,^or 

pyramids. 
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pyramids : it is found in England^ Scotland^ 
Germany;^ &c. it effervefces with acids* 

8. According to Mt. Fontanay 1 1 Roz. ^tt^ 
loo parts of it contain 73 of copper, 26 of 
fixed air, and i of water. Mr. Bergman alfo 
found it to contain fixed air, 2 Bergm. 430* 
The brown, or hepatic ore, contains a vari- 
able proportion of iron or pyrites, and fome- 
times fiilphurated copper, and hence affords 
from 20 to 50 per cent, of copper. It is 
often iridefcent. 

ll. Varikty. 
Gfeerif Malachifef Mountain Green. 

9. Malachite has the appearance of greert 
jafper, but is not quite fo hard, for it does not 
flrike fire with fteel ^ it is either ^ of a ra* 
diated or equable texture, generally of an 
oval form, and the fize of an egg, but fome- 
times it fotms capillary filaments* Its fpe- 
cific gravity, according to Mufchenbroeck^ is 
from 3,5 to 3^994* it is fometimes mixed 
with calcareous Earth and gypfum* It is 
found in Norway^ Siberia^ &c* 

10. According to Mr. Fontana^ 100 Parts of ' 
the pureft fort, contain 75 of copper, an4 
25 of aerial acid and water. 

S 2 II. Mountain 
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1 1. Mountain Green f is generally found in 
a loofe and friable ftatC) rarely cryftallzed and 
indurated, often mixed with calcareous Earth 
and iron, andfome arfenic* loo Parts of the 
pureft contain 72 of copper, 22 of aerial 4cid, 
and 6 of water. 

m. VARIEXr. 

Mountain Blue 9 Chryfocolla of/ome^ 

12. This alfo moft frequently appears In 
a loofe form, but fometimes indurated and 
even cryftalized, but it is then mixed with 
quartz. 100 parts of it contain about 69 of 
copper, 29 of aerial acid, and 2 of water. 
Mr. Morn^eau^ in the Memoirs of Dijon^ for 
1782, has (hewn, that the calces of copper 
are determined rather to a blue than a green 
colour, by a greater proportion of phlogifton^ 

13. They are analyfedin the moiftwayby 
folution in acids, and precipitation by the 
mineral aerated alkali, if they be pure, or by 
the Pruffian alkali, if they contain earths. 
194 grains of the precipitate formed by the 
mineral alkali are equivalent to 100 of cop- 
per in its metallic ftate : fo alfo are 350 gr. 
of the precipitate formed by the Pruffian 
alkali, as Mr. Bergman has determined: 
copper alfo may be precipitated in its metallic 

ftate 
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ftatc by means of iron, though it is not eafy 
to get it pure, if the nitrous acid be the 
folvent. 

14. I have found that 112 gr. of good 
iron, precipitate 100 of coppprfroma f?iturate 
and dilute folution of. it in the nitrous acid, 
and 80 gr. of the fame iron precipitate, 100 
of copper from a faturate and dilute folution 
of it in the vitriolic acid ; fo that weigh- 
ing the iron before and after, the quantity of 
copper may be eftimated by the lofs of 
weight of the iron ; but care muft be taken 
that the iron do not remain in the nitrous acid 
after the copper is precipitated. Experience 
will point out fome other precautions too 
tedious to be inferted here. 

15. If iron be mixed with the ore, it may 
be feparated by long boiling in nitrous acid. 

1 6. In the dry way, after torrefadion, they 
may be eflayed by melting them with i or I 
of their Weight of borax, and ^ of their weight 
of pitch. Some lofs always attends the black 
flux. Thus Mr. Fontana having eflayed 576 
gr. of a calciform ore by black flux, obtained 
but 376 or 380 of copper, yet by difl:illation 
he got 408, I? Ro%. pi 511. 

S 1 SpEqiEs III. 
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Species HI. 

Cupreous Stones. 

Analogous to the calciform ores are the 
cupreous ftoiiest Turquoife an4 Lapis Jv-f 
ptenuSf 

17. Turquoife is the tooth of an animal 
penetrated with the blue calx of copper ; it 
lofes its colour when heated ; it is opake, and 
of a lamellar texture, and fufceptible of a fine 
polifh ; its fpecific gravity is from 2,5 to 
29908 ; fome are of a deep blue, fome of ^ 
whitiih blue, but become of a deeper when 
^e^ted. This ftone is found in Perfta and 
Languedoc. The copper may be extracted 
from it by diftilled vinegar. According to 
Jieaumur^ Mem. Par. iji^y nitrous acid will 
not diffolvc that of Perjia^ though it will that 
of France^ which ihews a difference between 
them* 

18. hapis Armenus is another blue ftone 

which does not admit of any polifti, and con- 

fifts of calcareous es^rtb, or gypfum pener 

trated with the blue calx of copper : hence it 

fometimes effervefces with acids, and fome- 

times not, but never gives fire with fteel ; i^ 

)9fe§ its colour when heated, 

» 

gf EciEs ly. 
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Species IV. 

Mineralized by Sulphur with fcarce any Iron., 

Vitreous Copper Or e^ Kupferglafs ertz. 

19. Its colour is red, brown, blue or violet ; 
it is generally fo foft as to be cut with a 
knife, and as to form, it is fometimes cryf- 
talized in regular figures, and fometimes 
amorphous; it is much more fufible than 
pure copper ; its fpecific gravity is from 4,81 
to 5->338. It is found in the mines of other 
copper ores, and in lime (lone, fpar, quartZf 
mica and clay ; it is the richeft of all the 
copper ores, and affords from 80 to 90 per 
cent, of copper, 10 or 12 of fulphur, with a 
fmall proportion of iron ; the red ores arc 
tl^e pooreft, containing mdft iron. 

20. To analyfe this ore, Mr. Bergman ad- 
vifes a folution of it in 5 times its weight ot 
concentrated vitriolic acid by ebullition to 
drynefs and the fubfequent addition of as 
much water as will diffolve the vitriol thus 
formed. This folution he precipitates by a 
clean bar of iron, and thus obtains the cop- 
per in its metallic form. If the folution be 
contaminated with iron, he re-diffolves thus 
the copper thus obtained, in the fame manner, 
find fo procures a richer folution, which he 
again precipitates with iron* 

S 4 «!• Dr. 
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21. Dr. Fordyce, in the PhilofophicalTran^ 
(iBiom for 1780, fuggefts an improvement, 
by firft diflblving the ore in nitrous acid, and 
precipitating it By a fi:^ed alkaK (if this fo- 
lution be boiled, any iron it may contain will 
be precipitated) the precipitate he re-diffolves 
in vitriolic acid, and precipitates it with 
iron^ 

23. The proportion of fulphur may be 
ibund by diflblving the ore in dilute aqua re-? 
jgia,. as the fulphur will remain undiflolved. 

Species V. 

Mineralized by Sulphur^ with 20 or 30 per 
cent, of iron. 

jizure Copper Qre^ Kupfer Lazur^ Kupfer 
malm. 

23. This differs from the. foregoing only 
in containing more iron ; its colour coniifts in 
various fhades of blue, or reddifh blue ; it is 
as hard, and much more brittle ; it containa 
from 40 to 60 per cent, of copper, from 20 
to 30 of iron, and the remainder fulphur ; 
the poorer it is in iron, the richer in copper ^ 
it has been by many confounded with in- 
^^rated mountain blue. 

Sf ECIES VI, 
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Species VI. 

^/iineralized by Sulphur^ with a large Proper m 
tion of Iron. 

Telloiv Copper Ore^ yellow Pyrites. 

24. Its colour is yellow, or yellow mixed 
with red or green, or vkriegated like a pi- 
geon's neck ; it is moderately hard, not rea* 
dily giving fire with fteel as other pyrites do ; 
in its f radture it prefents Iharp fragments ; it 
is fometimes found cryftalized, and fome- 
times amorphous ; its fpecific gravity is about 
4, i 6 ; it occurs both in feparate maffes and 
imbodied in flones, and is the commonefl of 
^11 the copper ores, 

25. With refpeft to its contents, the cryf- 
talized fort is the pooreft in copper, of which 
it contains only from 4 to 8 per cent, the re- 
mainder is chiefly iron ; it is generally reddifh» 
and is in faft a martial pyrites, with a fmall 
proportion of copper ; the greenifti yellow con- 
tains moft fulphur, and from 1 5 to 20 per 
cent, of copper ; the pure yellow contains 
moft copper ; namely, from 20 to 30 per cent, 
its texture is foliated ; thefe pyritous ores al- 
ways contain argill, and a little of filiceous 
^rth. 

3PECIES VII. 
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Species VIL 

Mineralized by Sulphur and Arfenie^ with a 
little Iron. 

Jrfenical or i^rey Copper Ore. Kupfer fahl 
ertZf Weifs kupfer ertz^ 

26. This IS of a white, grey, or brown 
wlour; it is moderately- hard, and very 
brittle, fometimes cryftalized, and often of 
an indeterminate figure ; it is of very diffi- 
cult fufion, and heavier than the preceding. 

27. It contains from 35 to 60 per cent, of 
copper ; the brown is the richeft in copper ; 
the white or grey contains moft arfenic; it 
frequently contains filver, and if this exceeds. 
I or Z per cent, it is called ^rey fiver Ore^ 

It is found imbodied in all forts of ftones, 
and mixed with other copper ores as well asr 
with the ores of other metals, 

28. The analyfis of thefeores in the moift 
way may be underftood from what has been 
already faid'. To eflay them in the dry way, 
they Ihould firft be pulverized and feparated 
as much as pcflible from ftony and earthy 
particles, then roafted to feparate the fulphur 
and arfenic, then melted with a mixture of an 
equal weight of Mr, Tilkf% flux, which 

confifts 
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confifts of 2 parts pounded glafs, i of cal- 
cined borax, and 4^ of charcoal : if the ore 
be poor mof e borax may be added ; black; 
flux is hurtful, as it forms an hepar whicl;i 
holds part pf the copper in folution. Mem. 
Par. 1775. 

29. Mr. Margraafy in the Memoirs of 
Berlin for 1 775, recommends a mixture of 
equal parts of clay well waftiqd, fluor, and 
lime-ftone, and J part of charcoalf with aa 
equal weight of the torrefied ore j; the whole 
to be melted in a porcelain heat. The coal 
he ufes is that left after the diftillation of 
tartar. 

Specjes VIII. 

Mineralized by Sulphur and ArfeniCf with Zinc 
and Iron. 

piendofe Copper Ore. 

3©, Mr. Monnet fays he has met with this ore 
only at Catharineberg in Bohemia : it is of a 
brown colour, of a hard, folid, and compa6t 
granular texture ; . it contains from 1 8 to 39 
per cent, of coppcf . 

31. It is analyfed in the liquid way by fo- 
lution in nitrous acid and precipitation of the 
popper by iron ; the iroQ and zinc are preci- 

' pitatecj 
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pitated then by the Prufftan alkali ; the prc^ 
cipitate calcined isre-diffolvedin nitrous acid, 
and the folution evaporated to drynefs ; the 
iron being thus deplogiflicated becomes info- 
lublc in nitrous acid ; the calx of zinc i« re** 
diflblved in that acid, and again precipitated 
by the PruJ/ian alkali* loo gr. of that pre- 
cipitate wafhed and dried are equivalent to 20 
of zinc in its metallic flate^ and 100 gn of 
dephloglfticajed iron are eqqiviilcnt to 73,5 
of iron in its metallic ftatc. 

Species IX. 

Argillaceous^ Shiftofe^ or Jlaty Copper Ore^ 
Kupfer Scbiefer. 

32. This ore feems to confift of the vi- 
treous copper ore, intimately combined with 
ihiftus, and not barely difperfed through it 
in vifible particles ; it is of a brown or black 
colour, lamellar texture, and very heavy; it 
affords from 6 to i o per cent, of copper, and 
Is of difficult fufion, unlefs lime*ftone be 
added ; it contains a little bitumen,, calcartout 
earth and iron, ?i^Jhifti do. 

Species X. 
Bituminous Copper Ore. Kupfier brand trtz. 

33. This is faid to be fouiid in Sweden j If 
is. a fpecies of coal whiqh gives little or na 

fiame„ 



flame, but confumes and leaves afhes, ffom 
which copper is extraded. 

Species XL 
Ofper in a foreign Form, 

34. Animal and vegetable fubftances arc 
fometimes found penetrated with copper^ 

Spec I £8 XIL 
Mineralized by the Vitriolic or Marine Acids. 

35. Thefe are mentioned and defcribed in 
the fecond part : in the dry way they are re?- 
ducible by Mr. Tillet^s flux. 

CHAP. V. 

Iron. 

I. Its specific gravity is from 7,6 to 8,co, 
that of the moft dephlogiflicated calx of iron, 
only 6,7, It is foluble in all acids, and the 
faturate folution precipitable by vegetable 
aftringents of a black colour, and by Prujfian 
alkali of a blue 5 in its metallic or flightly de- 
phlogiflicated ftate it is attradtable by the mag- 
net ; it is the moft difficultly fufibleof all 
metallic fubftances, except platina and man- 
ganefe. 

Species I. 
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Species L 
Native. 

1. It IS now known that native iron ex-' 
Ifts in many places, the mod remarkable maf^ 
of this fort is, that difcovered in Siberia^ 
'which weighs 1600 pounds. It is of that 
fpecies called redjhort iron, being malleable 
while cold, but brittle when red hot. PaU 
las Reifen^ 3 Tbeil. p. 41 1. 

Mineralized. 

Calcijorm Ores. 

^. The bafis of the calciform ores, is eithef 
the black or blackifh brown calx of iron, 
l^hich is in fome meafure phlogifticatcd and 
magnetic, or the red calx of iron, which is 
more dephlogifticated, and not magnetic be-* 
fore torrefadtion. 

Species II. 

Brown Calx of Iron^ mixed ivith Iron in its 
metallic State. 

Steel Ore. Stabler z. Ferrum Chalybeatum^ Lin. 
Minera Ferri nigra. Cronft. §. 212. 

4* Of a dark fteel colour, folid, compact, 

and Ihining in its fradure ; fcarcely gives fire 

^ with 



Vith fteeU gives a black powder, is magnetic, 
and in fome degree malleable when red hot. 
It affords from 60 to 80 per cent- of good 
iron. It is found at Adelfors and Danne^ 
mora in Sweden^ alfo in the IJle ofElbe^ and 
North Jmcrica. 

5. CJhryftalized iron ore in an 0(JJ:ohcedraI 
or cubic form, ferrum tejfulare^ and miner a 

ferri cryfializata of Wallertus^ belongs to this 
fpecies, it is fomewhat lefs magnetic, pro- 
bably becaufe it contains lefs of metallized 
iron. 

Species III. 

Magnet. 

6. This differs but little in its appearance 
from the preceding ore, but lias lefs iuftre j 
it is either coarfe or fine grained, the coarfe 
grained lofes its power fooneft. It feems to 
contain a fmall quantity of fulphur, as it 
fmells of it when red hot. It is probable 
that it contains more particles of iron in it$ 
metallic form, than the preceding ore, but it 
is often contaminated with a mixture of 
quartz and argill. It is poffible it may con-» 
tain nickel, for this when purified to a cer*» 
tain degree, acquires the properties of a magnet, 
a Bergm. 242. Its conftitution^has not a.s yet 
been properly examined. 

Species 
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Species IV. 

Brwtn Calx of Jrtnu, combined nmtb Pturn^ 

bago. 

Black Eifen Glimmer^ Schnvartz Eifen ttabni 
or Eifenman. 

y.This confifts of black fhining fcales, more 
or lefs magnetic J Mr. Rinman found it td 
confift of plumbago, and 26 per cent, of iron* 
Hijioria Fern\ §. 57* 

Species V, 

Brown Calx of Iron^ united ivith the ^htti 
Calx of Manganefci and mild Calcareous 
Earth in i/arious proportions. 

White or Sparry Iron Ore^ Weifs Eifen Spatbi 
Stahlfteini, 

8. Its colour when frefli dug is whitifh^ 
but by expofure to the' air, it firft becomes 
grey, then brown, at laft reddifh, yellowiih^ 
or black. Its fhape, either amorphous oi 
rhomboidal, it is frequently tranfparent, its 
texture lamellar, fcaly, granular, or celltilari* 
Sometimes it aifumes a ftala^litical form, and 
fometimes it is found in a powdery ftate, and 
is then of a brftwn blackifh colour, is fre- 
quently interfperfed with quartz and py- 
rites, 
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rites,&c.and docs not give fire with fteel, unlefs 
thefe foreign fubftances be ftruck. Its fpe- 
cific gravity is from 3,6 to 3,895, or 4,00^ 
it feebly effervefces with acids, particularly 
when pounded and heated, affords from 20 to 
27 per cent of fixed air* It is fcarce ever 
magnetic before calcination, but if heated t 
it decrepitates, grows black, becomes mag- 
pet jp, ^nd lofps from 15 to 40 per cent of 
its weight* 

9. 100 Parts of this ore from Eifenarfz 
in St eriai^ afford according to Mr. B^tgman^ 
38 of the brown calx of iron, 24 of the white 
calx of manganefe, and 38 of mild calcareous 
JEarth, Ariothe^ fort from Weji Sihretberg 
contains 22 of the brown calx of iron, 28 
of the white calx of manganefe, and 50 of 
mild calcareous Earth. What quantity of 
iron and manganefe ip a reguline flate, thefe 
quantities of each calx would produce, may 
be feen by the table inferted at the end oT 
this treatife ; the aerial acid is united not only 
to the Earth, but alfo to the metallic calcesj^ 
as appears by its proportion. Many other 
ores are poorer, and fome to fuch a degree as 
not to deferve the name of an ore. It is fre- 
quently mixed not only with quartz and py- 
rites, as already mentioned, but alfo with 
ihoerl, zeolyte, mica or afbeflos. 

T When 
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10. When this ore bears a ftala£litical ap* 
pearance, and is very white, it is called flo^ 

Jerri and eifen bluth : this aflFords 27 percent, 
of reguline iron according to Mr. Rinmon, 
and confequently 35 of the brown calx^ 

Specibs VI. 
Magnetic Sand. 

11. That of Virginia^ whofe colour i^ 
black, is of this forti its fpecific gravity 1% 
4,600, and it contains about i it? weight of 
iron I but its coppofition has noj yet been 
difcovercd. 

Species VIL 

^ed Calx of Iron indurated^ and combined nvith 
^little Jrgill, and frequently with Manganefe. 

Hematites. Glafs kopf 

12. It is generally of a red, yellow, purple, 
pr brown colour, of a metallic luftre, and 
very hard, though feldom fo hard as to give 
fire with fteel ; wl^en fcratched, it fhews z^ 
red trace ; it is not magnetic before torrefac- 
tion, but by that heat it becomes black and 
magnetic ; its ftrudure is either folid, gra- 
nuUr, fcaly> or fibrous^ it occurs either in 

ihapelefs 



(hapelefs mafles, or in a ftaladltical form, pr 
even cryftalized in regular forms according to 
Gmelin, though Mr, Delijle denies it ; iq^ 
fpme places it forms wJ;iole mountains i it* 
affords from 40 to 80 per cent, of iron, * Ac- 
cording to Mr. Gerhard it contains argill, 
for he extradled alum from it. Mr, J£elm 
found it alfo to contain mjingai^efe* 

Species VIIL 

flasmatites In a loofeform^ mixed with a notable 
Proportion ofArgill. 

H^ematitical yellow^ r^d and brov)n Ochres. 

13. Ochres are diftinguifhed from clays 
\>y containing a larger proportion of martial 
particles ; thofe that become brown by calci- 
nation, and klfo magnetic, belong to this 
fpecies ; fometimes the ferruginous particle* 
are mixed with argilU and calcareous or mur 
riatic earths, and then thefe ocUresi effervefcf 
with a? ids* 

Species IX, 1 

Red Calx of Iron combined with Plumbagf^ 
^ed Eifen GUmmer, Ejfenrahm dnd Eifenmafin 

. 14^ Tills diflFers from the black in thift 
that it is QQt; magnetic before torrefa£kion« 
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8?£GIE$ X. 

^cd Cfilx ofJron^ mixed with a fmall Propor^ 
tion of the brohvn^ and indurated. 

Torjlen. 

I|. This is of a bright bluifh black, or 
yeUowifh grey colour, and fibrous texture, 
ihews a red trace when fcratched, and is 
ipreakly magnetic before calcination. Ac- 
cording to Mr. Rinman it is lefs dephlo- 
gifticated than hematites. Hjftorid Fetru 
f 285* 

[ J^mery. 

\ 6. Emery feems to be a mixture of the 
red and white calces of iron, with fome un- 
known ftony fubftance, perhaps tripoH ; it 
fcarcely yields in hardnefs to any fubftance, 
except diamond; the beft fort is of a dark 
grey colour, but becomes brown, and in 
great meafure magnetic by calcination ; other 
fort$ are of a reddifh rufty white, or yellowifli 
colour I its fpecific gravity is from 3,000 to 
4,000 ; it is never ufed as an iron ore, not 
^ its proporttoa of iron well known. 

gpECIB^ 
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Species XIL 

ked Calx of Iron united to Sidmte. 

Grey Iron Ore. 

ij. This has a fhining metalUc appearance^ * 
and commonly gives fire with fteel ; it is not 
in the leaft magnetic, and when Scratched 
fliews a red trace ; it yields from 40 to 66 
percent, of coldjhort iron. 

1 8. The ore called by the Swedes Jtujiierne 
malm^ or minera pleiadum^ is a mixture of 
the grey iron ore, with rhombic nodules of 
that delbribed in N^' 5. 

Species XIII. 
Argillaceous Iron Ores. 

19. Of thefe we may diftinguifh two prin- 
cipal varieties, namely, thofe found in 
mountains and high lands, and thofe found 
in fwampy grounds, or low lands overflown 
with water ; both are deftitute of metallic 
luftre, but very weighty, and fome of them 
when dry abforb water like clay«. 

T^ L VAftlETY* 
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LVaeiety. 
- SSgb kmd Arpllacetms OrtSi 

Mincra fcrri Ocbracea. 

20. Thcfc arc cither ycHow, red, browo^ 
tit grcyifh, indurated and friable, or loofif 
and powdery, or in grains ; they confift 
chiefly of the red or ydlow calx of iron, of 
of the grey iron ore, or torjlen in a loofe 
form, mixed with argill or clay, and confe- 
jquently often contain mangande, or fideritCj 
and fome/ particularly in France^ and the 
neighbourhood of Liege, are faid to contain 
the calx of zinc. Hence there are many 
varities of them, and their yield of iron, as 
well as its qualities, are very different : they 
do not eflFervefce with acids, (unlefs calca- 
reous or muriatic earth be cafually mixed with 
them,) and are difficultly foluble in them ^ 
the moft foluble arc the beft; they never 
obey the magnet before calcination, and rarely 
after it. 

^ 21. Horn-ftone over- loaded with iron be* 
longs to this fpecies. 

22. Mr. Rinman mentions a 'white iron 
ore found in Kent^ mixed with clay or marl, 
''Whrch affotds 47 per cent, of brittle iron, 

and 



sind is fcarcely foluble in acids^ Hlftor.fcrrii 

ll. Variety. , 

Swampey jirgiUaceous Oresl 

Miner a ferrr Lacuftris n)el fuhaqutfA. Mint 
defer Limoneuse. 

23. When dry, this ore i^ Friable, and 
brown, or brownifh black, and appears either 
in lumps of art irregular fhape, or in round 
balls porous or folid, or in flat round pieces^ 
or in grainsj and foitietimes in flender trian- 
gular prifms parallel to each other, and very 
brittle. It is mixed with argill and ex* 
traftive matter, and beconies magnetic after 
calcination, by which operation it lofes about 
I of its weight, and the greater part of v^hat 
is thus volatilized is water, the remainder 
aerial acid and volatil alkali. The crude ore 
affords about 36 per cent, of regulus, and 
after calcination about 50 per cent, it is the 
chief matrix of liderite, and the iron pro- 
cured from it is coldfloort^ at leaft in Sweden. 
The iron of Hufahy^ of Which Mr. Bergman 
treats in his analyfis of irpn, is drawn from 
this ore. Mr. Uielm has found fome forts of 
it to contain 28 per cent, of manganefe. 

T 4 Specie 
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Species XIV, 

Red Cakareom Iron Oret^ 

24. This is found in a loofe form in many 
parts of England ; it eflFervefces ftrongly with 
Midz, and is ufed as a pigment. 

Species XV. 
Siliceous Iron Ore. 

25. Befides jafper, garnet and trapp over* 
loaded with iron, there is found, principally 
in France^ 2l black, heavy, unmagnetic (and, 
of the filiceous kind, which is faid to contain 
iron and zinc in great quantity. 

26. Baron Born, in his letters from Hun-- 
gary, mentions a blue cryftalized iron ore, 
which he fays is a fhoerl overloaded with iron. 

Species XVL 
Muriatic Iron Ore. 

27. Serpentine overloaded with iron forms 
this fpecies, but it is feldom v\rprked. 

Species XVII. 
Martial Calamine. 

28. Calamine is properly an ore of zinc, 
but fometimes it contains fo large a propor- 
tion 
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tiott of iron as to be worked with a vi»wr of 
obtaining this metal ; it confifts of a mixture 
of quartz and argill, with the eajces of iron 
and zinc ; its cobur is yellow, red, or brown, - 
and it is moderately hard. 

Species XVIIL 

Mineralized by Sulphur. , 

Martial Pyrites^ 

7.g. Thcfe are ftony concretions of ful- 
phur, clay, and calx of iron, fo hard as to 
give fire with fteel. There are two prin- 
cipal varieties of them. 

I. Variety. 

Pale yelloiv Pyrites. 

50. This has been already defcribed among 
the ores of alum. ^ 

II. Variety. ^ 

Brown or reddijh brown Pyrites. Mineraferri 
hepatica^ Wajfer kiefs. 

31. It is generally of a fpherical ihape, or 
cryftalized in cubic, rhomboidal, or other po- 
lyhaedral forms, and is devoid of metallic 
luftre ; it difficultly gives fire with fteel, and 
contains very little fulphur, but much more 

iron"^ 
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iron fbaa the yellow pyrites, and not unfire-i 
quently l mixture of calcareous Earth. It 
is ibmetimes magnetic before, and always 
after calcination. It i^ incapable of vitrioli* 
r zation. The iron it afibrds is brittle. 

Species XIX. 
Mineralized by Sulphur and Arfemc. 

White ^ Grey^ or Blui/hgrey Pyrites ^ MarcaJJite 
Raujh geib kiefsi Gift kiefs, Arjenic Stein. 

32. It is found either in folid compa^ 
maflfes of a moderate fize, or in grains, it 
gives fire with fteel ; when burnt, it affords jt 
blue flame^ and an arfenical fmell, and by 
diftillation, orpiment, or realgar, it is not 
magnetic, either before or after calcination, 
it contains much more of arfenic than of 
fulphur. It is analyfed by digeftion in ma- 
rine acid, to which the nitrous is gradually 
added, otherwife the fulphur wopld be 
deftfoyed. See N? 34. 

Species. XX; 

Mineralized by Arfenic Jingly* 

Mifpickel. Speifs of the Bohemians. 

33. Its colour is generally of a bright white, 
.xefembling a mixture of filver and tin, rarely 

variegated. 



VanCgated like iei pidgeons neck, aiid is^ot 
eafily altered by expoiure to the air. Its form 
either granular, cufpidated, cuneiform, prif- 
matic or rhomboidah It is magnetic neither 
before nor after calcination, is foiuble in acids^ 
affords arfenic by di ft illation, in the propor- 
tion of 30 or 40 per cent, and fometimes con- 
tains a fmall proportion of copper and filven 
It is frequently mixed with other metallic ores^ 
iand often found in indurated clay, quartzi 
fpar, flioerl, &c. 

34. When iron contains lefs than ^-j of arfe- 
nic, it is magnetic, Scheff. §. 300, therefore if 
the calcination be puftied 10 far^ the iron will 
remain magnetic. It may be analyfed by 
folution in the marine acid^ which will take 
Up the iron and leave the arfenic, or by fo- 
lution in aqua regia, whidh will take uji 
both, but water being added, will precipitate 
the arfenic and leave the iron. The filver 
will remain in the form of horn filver, and 
the copper may be feparated by the methods 
already mentioned. 

Species XXI. 
Combttftiblc Iron Ore. 

35. Of this kind Mr. Cronjle'd mentions* 
two varieties, one, of which the greater part 

is 
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is yolatUj m a ftrong heat long contlnuc(i| 
and feems to contain iron, plumbago, and 
coal intimately mixed. The other burns 
with a languid flame, lofes about 4. of its 
weight, refembles pit-coal, but is fomewhat 
harder, and yields about 30 per cent of iron* 

Species XXIL 
Mineralized by the Vitriolic jiicidi 

36* This has bgen mentioned under thft 
hfead of faline fubftances. 

Uncertain Mineralizations.^ 

Species XXIII. 

Iron Blende. 

37.- This IS faid by Mr. Mbnfiet t6 be at 
flone of a grey iron colour, formed of di- 
verging laminae, of great hardftefs and a 
metallic appearance, but infoluble in acids, 
and infufible in the flrongeft fire. Mineral. 
356. Sometimes this ftone contains arfenic, 
in this cafe it blackens by expofure to the 
ain 

Species XXIV. 

Wolfram. 

38. This ftone which is generally found 
in tin mix^es, is of a black or brown fhining 

colour. 
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colour, of a radiated or foliated texture* 
of a moderate hardnefs, and fometimes fo 
brittle, as to be eafilj broken between the 
0ngers, but very weighty fince its fpecific 
gravity is 7*1 19 > when fcratched it ihews a 
fed trace, which diftinguifhes it from tung- 
ften. It is fcarcely folubic in acids, and of 
very difficult fufiqn. According to Lehman^ 
it confifts of filiceous Earth, calx of iron, and 
a fmall proportion of that of tin, Chym. Scbrtft. 
3^56, and from his experiments, I am incli* 
Qed to think it contains manganefe* 

Species XXV. 

Native FruJJian Blue. 

39. It confifts of clay mixed with iron^ 
^nd fome unknown tinging fubftance, gene-? 
rally found in fwampy grounds or bogs* 
It is at firft white but when expofed to the 
^ir,. it becomes either of a light or deep blue. 
When heated, it turns grecnifh, and emijs 
a flight flatpe, and then becomes red and 
magnetic, it is foluble both in acids and 
alkalis, but the latter precipitate it from the 
iprmer, and the for pier from the latter ; 
the precipitate is at firft gteenifli, but gr^^- 
dually aflumes a white hue, but recovers its 
bjjae tinge if it be fteeped in vegetable aftrin- 
gents, Bergm. Sciagr. §• 206, Phil. Tranf.^ 
^ : " J768 
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1768. The Earth of Beuthnitz m, Sikfia^ 
mentioned in the Memoirs of Berlin for thij 
year I757> feems to belong to this fpeciea, i^; 
contains about ^ of its freight oS iron. 

Species XXVI. 

Green Earth of Verona and Nwmandy. 

Terre Verte^ 

40. This is ufed as a pigment^ and contains^ 
iron in fome unknown ftate, mixed with 
clay, and fometimes with chalk and pyrites; 
allum and felenite are alfo accidentally found 
with it. It is difficultly foluble in acids, is 
not magnetic before calcination, and becomes^ 
of a coffee colour when heated, Itisfaidto 
afford about 40 per cent of iron. If iron btf * 
precipitated from vinegar, by the arfenical 
acid, the precipitate wiU be green, 36 Mem. 
Stock, and it will preferve its colour though 
cxpofed to the air. Iron precipitated from 
the marine acid by lime water, is frequently 
green, and green fluors are known to derive 
their colour from this metal. The molyb*^ 
denous acid gives alfo a greeo colour to iron^^ 
but this fades. 



IDf the Analjifis and EJfay of Iron Otet. 

In the moifi Way. 

41. The general method of analyfing in 
the moift way the calciform ores^ which do 
not contain mijch earth or ftony matteri iSf^ 
{after reducing them to a fubtil powder, to 
jdiflblvc them in the marine acid, and precis 
pitate them by the Pruffian alkali ; the quan-^ 
tity of alkali ufed difcovers that of iron in its 
metallic ftate, which the ore would afford, as 
already mentioned in the analyfis of earths, 
or the precipitate waflied and dried may be 
weighed ;. its weight divided by 6 (fubtraft* 
ing 4^ per cent, for the iron already contained 
in the alkali) gives the quantity of iron i« 
jts metallic ftate which the ore contains. 

But if the iron be united to any confi- 
derable proportion of zinc or manganefc, its 
eftimation by the above methods is not fufiR* 
dently accurate i therefore the PnuJJian blue 
muft be calcined to rednefs, and the cdXx, 
treated with dephlogifticated nitrous acid# 
which will then take up only tl^e calx of zinc j 
when this is ftparated, the calx fliould bc^ 
again treated either with nitrous acid, wkH 
the addition of fugar, or ftill better, with the 
acetous acid, either of which will feparate 
^l^e inangaqefe, if any if the reip^inin^ calx 

of 
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of iron may then be diflTolved by the marine, 
and precipitated by the mineral alkali, of it 
may be further calcined, and then weighed. 
The annexed tables fhew the correfpondence 
betwixt the weight of the calx> or the precipi- 
tates with that of iron in its metallic ftate. 
See alfo Chap- 15. N*^ 18. 

42. To analyfc the nvhite calcareous iron 
orcj it fliould be firft calcined to find the 
weight of the fixed air and water, then 
thrown into dephlogifticated nitrous acid, and 
fhaken for a few minutes until the menftruum 
begins to acquire a yellow colour; it will 
then contain the calcareous earth only, which 
may be precipitated by the mineral alkali, 
and weighed; the refiduum well calcined 
may be treated with the acetous acid as 
above. 

43* According to Mr. Rinmany the coo^ 
tents of this ore may be conjedtured very 
nearly from its fpecific gravity ; for as . 80 is 
to 100, fo is the fpecific gravity of this or^ 
to its contents per cent. 

44. The pyritous, argillaceous and ftony 
ores are analyfed by folution in marine acid, 
to which, if neceflary, a little of the nitrous 
may be added: this digeftion fhould be 
continued as long as the menftruum acquires 

a yellow 
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a yellow cqlour ; coftion may be rcquifite at 
the end. 

45. Many ores, which are difficultly fo- 
luble before calcination, become eafily foluble 
after they are calcined. 

46. To difcover fiderite in an ore, it ihould 
be diflblved in dilute vitriolic acid i the folu- 
tion, after Handing fome hours, will depofit 
a white calx, if fiderite be containedin it. 

In the dry Way. 

47. Mr. Morvcau recommends the follow- 
ing flux for all iron ores : 8 parts pulverifed 
glafs, I of calcined borax, and I of charcoal, 
well mixed i of this flux he takes two parts, 
or, if the ore be very poor, 3 parts., and i of 
the ore, and places them in a crucible, lined 
with a mixture of a little clay, and pounded 
charcoal j of an inch thick, to which a cover 
is luted : this he places in a fmith^s forge, 
and urges it with a ftrong heat for half an 
hour i to find whether the ore requires calci- 

.nation, he inftitutes this trial with equal 
weights of the ore calcined and uncalcined» 
and compares the refulta ; the weight of the 
ore fliould not exeed 60 grains. 

48. Mr, Bergman eflays the white fparry iron 
ore by placing it in a crucible lined with char- 

U coal 
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coal i an inch thick at bottom, and ^ on the 
iideS} fimply covering it with calcined boraxy 
luting on this another crucible, which he alio 
O^pofes to the heat of a fmith*s forge. 

49* Argillaceous and filiceous iron ores 
may be effaycd in the following manner: 
take of the ore 4 parts, quick lime 1,25, 
fluor fpar 1,25, powdered charcoal i, decre- 
pitated common fait 4; the whole, being 
well mixed, place in a crucible lined with 
charcoal, to which a cover fhould be luted, 
and the lute being dry, commit it to a 
fmith's forge, giving a moderate heat for 
J of ap hour, and the ftrongeft for the re- 
mainder of the houri if the lime be flacked, 
double the quantity muft be ufed. 6 CrelL 
Nev. Entdeck. 

50, Calcareous ores may be treated in the 
fame manner, except that inftead of quick lime 
double the quantity of fluor fliould be ufed. 

j^i. Pyritousor^s are alfo e0ayed nearly i^ 
the fame manner ; the proportions being 4 
parts of the ore previoufly roafted, 2 of quick 
lime, 2 of fliior, 1 1 of charcoal, and 4 of 
decrepitated cQmmqn fait. Ibid. 

52. Iron ores, which, though at firfl: 
bright in their fradure, foon grow black by 
^xpofure to t^h« air^ pontain niuch xpan-^ 
ganefe. 
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53. To find whether iron or its ore con- 
tains manganefe, let a fmall quantity of it 
be heated white in a crucible, and on this 
projedl 5 times its weight of purified nitre, 
taking care that no coal or afhes fhould get 
into the crucible : when all is cold, the upper 
part of the crucible will be covered with a 
greenifh or blui(h cruft, if the iro^i contain 
manganefe. 3 Bergm. 66. When the folu- 
tion of iron in the marine acid is of a red 
colour, this alfo denotes the prefence of 
manganefe, though that colour foon changes 
to a yellow, by extracting phlogifton from 
the martial part* 

54. Mr. Bergman gives alfo a method of 
finding whether the ore affords coldfhort or 
redfliort iron. He melts the regulus ob- 
tained from the ore with J of its weight of 
good malleable iron in a crucible lined with 
charcoal, and well covered. If the regulus 
thus obtained be brittle when coW, the ore 
affords coldihort iron, or if it cracks under 
the hammer in a white heat, it is redlhort. 
3 Bergm. 46. 

CHAP, VI. 

Tin. 

I . The colour of tin is ,too well known to - 
need being defcribed ; its fpecific gravity is 
' U 2 from 
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from 7 to 7,45 j the lighteft is the purefti 
it mehs the moft readily of all metals ; it is 
Cafily diffolved in fpirif of fait or aqua regi^t 
and its folution is precipitated blue or purple 
^y tl^t of goldt 

$lf£CIES L 

Native. 

2* The cxiftence of native tin has long 
been queftioned, but it has undoubtedly beea 
found fomc years ago in Cornwall in the fornv 
of thin flexible laminae ifluing out of a ma- 
trix of quartz, or regularly cryftalized. Phil. 
Tranf. 1766, p. 37. and Mr- ^iifi^ a very 
competent judge, attefts its purity in the 
Memoirs of Stockholm for the fanie year. 

3. To afccrtain its purity, Mr. Bergman 
advifes dephlogiftlcating it by the nitrous 
jicid. 140 gr. of this cal^ wafl^ed and dried 
fire equivalent to 100 of tin in its metallic 
form ; the folution will take up the copper, 
?md a fmall proportion of iron which the tin 
may contain, and thefe again may be fepa- 
rated by boiling ; if there be any arfepiq, i| 
i^ill be found in t:he wafhings. 



Spidifcs iL 
Cakiform Ores. 

4. Theife ores are remarkable for tfeetr 
jgreaC weight, their fpecifie gravity bein^ 
from 5,955 to 6,75 1 they may be reduced ta 
4 Varieties* 

1. VARipryi 

Tin Spar^ white Tin Ore^ 

5. It is generally of a whitifh or grey co* 
lour, fometimes greenifti or yellowifh, femi- 
tranfparent and cryftaliied in a pyramidical 
form, or irregularly : it was formerly thought 
to contain arfenie ; but Mr. Margraaf found 
it the pureft of all tin ores, i Margr. i88|, 
189, though it is faid to contain fometimes a 
mixture of Calcareous earth ; its fpecifie gra** 
Yity is 6,007^ 

11. VARIEXy. 

Opakey brown or Hack Tin Ore. 

6. This is alfo cryftalizcd and imbodied in 
a ftony matrix of quartz, fluor or mica, or 
mixed with white or yellow pyrites, or in 
ores of lead or zinc, cobalt, wifmuth or iron ; 
when thefe cryflals are large, they are called 
by the Germans zingraupsn, and wh^^ imatl 

U 3 zin 
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zin zwttter ; the black are reckoned the rich- 
eft> and aflFord about 80 percent, of tin; they 
all contain a mixture of iron. 

7. The ore called weifs zingraupen is that 
which was mentioned under the calcareous . 
genus by the name of tungfien; it contains 
no tin. When any arfenic is found in tin, it 
proceeds from the matrix, for tin itfelf is 
never mineralized by it ; and for the fame 
reafon zinc is fometimes found in tin. 

8. The fpecific gravity of this ore is 6,75. 
Mem. Stock. 1778, p. 32 1. 

ni. Varietv. 

Reddi/h or reddijh yellonv Tin Ore^ Garnet Tin 

Ore. 

9. This confifts of fmall cryftals femi- 
tranfparent or opake, and fometimes it is 
found of a fpherical form, ftriated, and re- 
fembling haematites or zeolyte; its fpecific 
gravity is from 5 to 5,8 s it contains ngiorc of 
iron than of tin. 

IV. Variety. 

Tin St one y Zinjiein of, the Germans^ TinBerg 
of the Sivedes. 

10. The preceding varieties confift for the 
moil part of metallic particles; the prefent» 

•chiefly 
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tlilefly of ftotifes or fands oi ditferent fortdi 
which contain calx of tin invifibly diffemi- 
tiated through them i their fpecific gravity, 
tv^hen the proportion of tin is of any im- 
jportance, .is confiderable 3 they may be of 
iany colour, blue^ grey, black and brown are 
the commoneft ; they arc called Lodefionef. 

I ^. Tin ores are viery fcarce, not being hi- 
therto found in any confiderable quantity, ex- 
cept in the Eqfl Indies^ Cornwaily Bohemia and 
Saxony. 

1 3. It is remarkable tliat tin has liot as yet 
been found in any ftones of the calcareous 
genus, except fluors, but only in thofe of 
the filiceous or agillaccous kind. 

Species IIL 

Mineralized by Sulphur^. 

t4; This was lately difcovered by Mr. 
Bergman among fotne minerals which he re- 
ceived from Siberia. He obferved two forts 
of it analogous to the two artificial combina- 
tions of tin with fulphur ; one nearly of the 
colour of zinc, and of a fibrous texture, which 
contained about .twenty per cent, of fulphur, 
and the remainder tin ; the other inveloped 
the former like a cruft, refembled aurum mu^ 
Jinjumj and contained about 40 per cent, of 

U 4 fulphur 
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fulphur, a (mall proportion of copper^ and 
the remainder tin. Mem. Stock. 17&I9 p. 

15. To eflay tin ores in the liquid nvayh^^ 
hitherto been thought impradicable ; how- 
cver> Mr. Bergman has devifed the following 
method) which is generally fuccefsful. Let 
the tin ore, well feparated from its ftony 
matrix by wafhing, and reduced to the moft 
fubtile powder^ be digefted in concentrated 
oil of vitriol in a ftrong heat for feveral 
hourS) then when cool add a fmall quantity 
of concentrated marine acid, and fuflFer it to 
ftand for one or two hours ; then add water, 
and when the folution is clear pour it off, 
and precipitate it by fixed mineral alkali. 
^3^ gr- <^f ^his precipitate wafhed and dried 
are equivalent to 100 of tin in its reguline 
fiate, if the precipitate confifts of pure tin ; 
but if it contains copper or iron, it fhould he 
calcined for one hour in a red heat, and then 
digefied in nitrous acid, which will take up 
the copper, and afterwards in marine acid^ 
which will feparate the iron. 

1 6. In the dry ivay^ thefe ores, after pul- 
verization and reparation of the ftony matter 
by wafhing, are to be melted with a mixture 
of double their weight of a flux, confifting of 
equal parts of pitch and calcined borax, in a 

crucible 



crucible lined with charcoal, and to whicJi a 
cover is luted i fufion flxould be fpeedily 
procured. 

ij. Mr. Bergman recommends a mixture 
of one part of the ore with two of tartar^ i 
of black flux^ and i part of rofin: this is 
to be divided into three parts, and each fuc- 
ceflively projected into a crucible heated 
white, and immediately covered after the 
foregoing portion ceafes to flame ; the whole 
operation takes up but 7 minutes or le&« 
8beff. §. 304. 

CHAP. VIL 

Lead. 

1. This metal is fufficiently diftinguifhabic 
by its colour, which is well known, its fpecific 
gravity, which reaches from 11,3 to 11,479, 
its great foftnefs and eafy fufibility. It is 
more or lefs foluble in all acids, and particu- 
larly in the nitrous, and all its folutions have 
a fweetifh tafte, it is precipitable from the 
nitrous by the vitriolic or marine, and from 
the marine alfo, by the vitriolic. 

Species I. 

Native Lead. 

2. It is faid to have been found in Mon^ 

mouth/hire 
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tnouth/htre in fmall pieces, Phil Tranf. ij^if 
p. 20, alfo in the Vivaraisy Genfanne hiji. Lan^ 
guedecy vol* 3* p^ 208. Henckel alfo men- 
tions it in his Flora Satumifans. If it con^ 
tains copper, this latter may be detefted by 
ii plate of iron immerfed in its folution in 
nitrous acid, and the prefence of filver, if 
any be contained in it, will be difcovered by a 
plate of copper. 

Species IL 

Mineralized by the Acrid Actdi 

Calcjform Qresi 

3. Of thefe we may diftinguifh 5 varieties^ 
all eafily foluble in nitrous acid, and with 
efFervefcence if heat be ufed, and alfo in 
cxpreffed oils; all contain a little iron, but 
never filven 

L Variety. 
Whitey Lead Spary Lead Ochrcy Native CeruJ}. 

4. Lead Spar is fometimes tranfparent, but 
generally opake, and eryftalifed in regular 
forms, of a laminar or ftriated texture. Lead 
ochre, or native cerufs is the fame fubftance> 
but in a loofe form, or indurated and fhape- 
lefs ; fbmetimes it is found in a filky form. 
Both contain ^ little iron, and fometimes 

•calcareous 
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calcareous earth and argilL Jacqmn^s MifceU. 
157. 3 Roz. 348. both grow red or yellowifh 
when fuflSciently heated. They eflFervefcc 
with acids, and afford from 60 to 80 or 90 
per cent, of lead ; both are found in Brittany ^ 
Lorrahy Germany ySind England. 

II. Variety, 
Red, Brown, or Tellow. 

5. This is alfo found either regularly 
cryftalized, or in (hapelefs maflres,or in powder^ 
It differs from the former only by containing 
more iron. That in powder contains a mix* 
ture of clay. It affords about 70 or 80 per 
cent, of lead. - 

III. Variety. 

Green. 

6. Either cryftalized in needles as in 
Brittany^ or in a loofe powder as in Saxony^ 
but moftly adhering to, or invefting quartz^ 
It owes its colour to iron, and feldom con^ 
tains copper. 3 Lin. Von Gmel. 225.. lo 
Koz. 2,1S^ 

IV. Variety. 

Bluljh. 

7. This Is alfo fometimcs cryftalized, fome* 

times 
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times amorphous. It owes its colour to a 
mixt arc of topper* 

V. Vj^RIETY* 

Black. 

8. The moft uncommon of all, and ot^ 
curs either cryfblized, or of an indetertninate 
form. 

9. Thefe ores, when freed as much as 
poffible from earthy matter, ate effayed 
in the moift way, by folution in fpirit of 
nitre. The folution being boiled, depofits 
the calx of iron. If the lead be then pre- 
cipitated by an aerated mineral alkali, 132 gft 
of the precipitate, will denote 100 of lead in 
its metallic ftate. If the ore contains copper, 
it may be feparated by digefting the calx in 
volatil alkali; if it be fufpe£led to contain 
filver and copper, then, after the feparation 
of the copper, the calx fliould be rediflblved 
in nitrous acid, and both the lead and filveif 
precipitated by the marine acid 5 the marine 
fait of lead is rediflbluble in 30 times its weight 
of boiling water, but that of filvcr will 
remain undiflblved, or that of filVer may 
be feparated by cauftic volatile alkali. 

I I o. In the dry way, thefe ores are redu- 
^cible by the fimple addition of phlogifton 
and fufion. 

Species 
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Sfecibs UL 
Mineralized by the Vitriolic acid. 

1 1. According to Mr. Monnety this fometlmes 
occurs in the form of a white ponderous calxt 
foluble in 1 6 or 1 8 times its weight of water* 
It does not eflpervefe, nor is it foluble in other 
jtcidsj it may be reduced by laying it on a 
burning poal. It originates from the fpon- 
taneous decompofition of fulphurated lead 
ores, Mon. Mineral. 371* According to Dr; 
Withering^ it is found in great quantity in 
the ifland of Anglefy, but united to iron, and 
not reducible by the blow pipe or charcoal, 
he promises an exaft analyfis of it, this is of 
^ yellow colour, and mixed with clay* 

Species IV* 
Mineralized by the Phofpboric acid. 

12. This was lately difcovered by Mr. 
Gahn; it is of agreenifli colour, by reafon of 
a mixture of iron j it does not effervefce with 
acids. 

To eflay it, a folution of it in nitrous acid 
muft be had, with the affiftance of heat. 
From this folution, the lead is to be precipi- 
tated by the acid of vitriol. 137 gr. of thffe 
precipitate, walh^d and dried, are equivalent 

to 
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to 100 of lead in its metalKc ftate. The 
decanted liquor evaporated to drynefs, af- 
fords the phofphoric acid. 

Species V. 

Mineralized by Sulphur^ nvith Silver and a 
little Iron. 

Galenay Patterns Ore^ Bley Glanzy Bley Scbweift 
of the Germans. 

13. It is the commoneft of all lead ores^ 
of a bluifli dark lead colour, formed of cubes 
of a moderate fize, or in grains of a cubic 
figure, whofe corners have been cut off; its 
texture is lamellar, and its hardnefs variable i 
the hardeft fort containing a greater mixture 
of iron or quartz ; that in grains is thought 
to be the richeft in iilver; but the richeft con- 
tains only about i or 1,5 per cent, that is, 
1 2 or 1 8 ounces per quintal, the pooreft about 
60 gr. Ores that yield about i an ounce of 
filver per quintal, are barely worth the coft 
of extradting it ; the proportion of fulphur 
to lead in this ore is alfo variable within the 
limits of 15 and 25 per cent, that which con- 
tains leaft is called Bley Schweif^ and is in 
foxne degree malleable. The proportion of 
lead is from 85 to 60 per cent, by reafon of 
an accidental mixture of quartz, that of iron 

is 



$8 generally very fmall. Dr. Wat/on remarket 
that the ores which are pooreft in lead^ are 
often the richeft in filver. Mr Monnet af- 
ferted, that fulphurated lead ores are infoluble 
in nitrous acid, but Dr. Wat/on has fliewn that 
dilute nitrous acid diffolves them compleatly* 
3 Wats. 22 8# The fpecific gravity of Galena^ 
is from 7,000 to 7,780 J when melted it 
yields a yellow flag, 

14. To analyfe this ore in the moift way, 
let it he diflblved by boiling in the dilute 
i)it:rous acid, the fulphur and infoluble ftony 
parts and calx of iron will remain undiffo^ 
ved; the iron may be afterwards feparated 
by digeftion in marine acid, and the fulphuf 
by digeftion in cauftic fixed alkali, the refi- 
duum weighed before and after will fliew the 
proportion of each. 

1,5. The nitrous folution will contain the 
lead and filver ; this folution fhould be pre- 
cipitated by the mineral fixed alkali, and the 
precipitate wa^flied in cold water, dried and 
weighed. After weighing it (hould again be 
fligefted in cauftic volatil alkali, which will 
diflblve and take up only the calx of filver, the 
refiduum being again dried and weighed, gives 
the proportion of the calx of lead, of which 
132 gr. are equivalent to 100 of lead in it?? 
jnetal|ic ftate j and the difference between the 

weight 
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weight of the precipitate, before and after 
the application of the volatil alkali, gives the 
quantity of the calx of filver, of which 129 
gr. are equivalent to 100 of filver in its nae- 
tallic form. 

16. If the ore contains any foluble matrix, 
which very feldom happens, it fhould firft be 
ieparatcd by boiling in diftiUed vinegar* 2 
Bergm. 424* 

17. In the dry way this ore may be eflTayed 
by melting it with j- of its weight of filings 
of iron* 

Species VI. 

Mineralized by Sulphur^ nvith Silver and Re^ 
gulus of Antimony. 

Antimonial Lead Ore^ Sproterzy ^ripmalm. 

1 8. Its colour is the fame as that of Galena, 
but its texture is different, being radiated, 
filamentouis, or ftriated ; vsrhen heated it yields 
a white fmoke; it affords from 40 to 50 per 
cent, of lead, and from \ an ounce to 2 ounces 
of filver per quintal. 

It is efTayed in the liquid numy^ by folation 
in concentrated fpirit of nitre, which dephlo- 
igiflicates the regulus, and leaves it in the 

form 
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JPotitt cr^a wix. 138 gn of this «alx are eq|ui* 
Valent to 100 of the regultid. Or llill better^ 
by folution in fpirit of fait which diffolves 
both the lead and regulus, and leaves the 
fulphur and ftony matter which are feparable^ 
as fliewn in N? 14. If water be poured oa 
the folution^ the calx of antimony will be 
feparated. 

Spec I is VII. 

Minef'alized by Sulphur^ with Silver and a 
large Proportion of trot. 

PyritOM Lead Orck 

iOi This is of a brown or ;felToWifh Co- 
lour, of an oblong or ftaladlitical form, 
friable, and of a lamellar, ftriatdd or loofe 
texture; It affords at mofll 18 or 26 p6r 
cent, of lead, which flows by barely heat- 
ing it, as the iron detains the fulphur ; it is 
no more than a mixture of galena ^ith the 
browtx pyrites, Chap, 5. N? 31. 

Species VIII. 

Mineralited by Sulphur and Arfenic^ with 
Silver. 

Red Lead Spar. 

2r. Lately difcovered in Siberia i exter- 
nally it is of a pale and internally of a dee^ 

% red. 



3o6 Elements of Mineralogy. 

red, and for the moft part cryftalized in 
rhomboidal paralellipipeds, or irregular pyra- 
mids. According to Lehman it contains ful- 
phur, arfenic, and about 34 per cent, of lead^ 
and according to Mr. Pallas alfo filver. 
Pallas Reife. 2 TheiL p. 274. 

Species IX. 
Stony orfandy Lead Ore* 

22. This confifts either of the calcifprm 
lead ores, or galena/ intimately mixed and 
difFufed through ftones or earths chiefly of 
the calcareous kind. 

23. It is analyfed in the moijl'nvay in thq 
manner already defcribed, and in the dry way^ 
if the matrix be calcareous, by adding the 
fluor fpar, or if (iliceous> the black flux 
with a little iron. 

# 

24. Ores of lead are moft frequently found 
among ftones of the calcareous or barytic 
genus. 

CHAP. VIII. 

Mercury. 

I. It were fuperfluous to mention its lefs 

obvious chara£lers> as its liquidity alone fuf- 

• ficidntly 
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ficiehtiy (iiftinguifhes it from all other me* 
tallic fubilance^r 

SpECifts L 

Nativei 

2. Native mercury has frequently beeil 
found in the mines of Idria, FriulU Lonver, 
Aujlrid^ Deuxponts^ &c. flowing from a 
fliiftofe or quartzy matrix, and probably 
mixed with fome other metal, as its globulea 
are not perfedlly fpherical. In Sweden and 
Germany it has been found lihited to filver ia 
the form of a fomewhat hard and brittle amal- 
gam. Mon. Mineral. 387. 3 Lin. 'von 
Grnel. 41. It has alfo beeti obferved vifibly 
difFufed through maffes of clay, or ftone of a 
white^ red, or blue colour and great weight, 
in Spain and Idria^ and in Sicily in beds of 
chalk. Borch SiciL Mineral, p. 508* 

5. To examine its purity iii the irioift way, 
Mr, Bergman recommends folution iri the ni*^ 
trous acid ; for, as he well remarks, the metals 
it is moft likely to b6 mixed with are gold, 
filver and bifmuth, as they are moft fre* 
quently found native :^ in this folution, gold, 
if any be contained in the mercury, will re- 
main undiflblVed ; bifmvith may be feparated 
by the afFufion of water, but the filver and 

X 2 mercury 
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mercury indll remain, and both flxould be pee^ 
cipitated by the marine acid ; the precipitate 
wafhed in cold water and dried (hould be 
weighed^ and then digefted in hot water, 
the marine mercury will be diflblved ; the 
refiduum, containing <nily the marine filver^ 
ihould again be wafhed, dried and weighed ; 
the difference between the former and prefent 
weight gives the quantity of marine mercury, 
and the metallic contents of each may be de- 
duced by the rule of proportion from the ad 
table. 

Species IL 

Mineralized by the aerial Actd^ 

Native precipitate per fe or Calx of Mercury. 

4* This is faid to have been lately found in 
Idria in hard compa£): mafles of a brownifb 
red colour, and granular texture, 'mixed with 
fome globules of native >mercury. By diftil- 
lation it is . recovered in its running form,^ 
loo parts of it afford 91 of running m;er- 
cury* Roz. Jan. 1784, p. 6i. 

Species in. 

Mineralized by the VitrioRc and Marine Acids. 

Vitriol and Marine Salt of Mercury. 

5. Mr. Woulfe firfi: difcovered thefe faks at 
Obemtofcbel^ in the dutchy of Deuxponts: 

they 
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they have a fpar-Kke appearance, and are ei- 
ther bright and white, or yellow or blackf 
mixed with cinnabar in a flony matrix ; thefe 
well mixed with ^ of their weight of veget- 
able alkali, afforded him cubic and octagonal 
cryftals, that is, fait of filvius and tartar 
vitriol. PhiL Tranf.fj^S. The marine fait 
of mercury is in the ftatc of fublimate cor- 
rofive, 

6. Mr. Bergman\ ingenious and truly fci- 
cntific method of difcovering the proportion 
of thefe falts is nearly as follows : Firft, by 
trituration and digeftion in marine acid he 
cxpells the vitriolic, the mercury uniting 
preferably with the former of thefe acids 1 
the whole is then diflblved in a fufBcient 
quantity of hot water ; into this folution he 
drops that of marine barofelenite until no fur* 
ther precipitation is perceived ; the true or 
vitriolic barofelenite thus formed, being waflh- 
cd and dried,, contains 13 per cent, of real 
vitriolic acid : now vitriol of mercury con- 
tains .19 per cent, of real acid. Hence the 
weight of the former being found, that of 
the latter will eafily be known ; forfuppofing 
the weight of the barofelenite to be 100 gr, 
then it will contain 13 of vitriolic acid ; and 
fince 19 of vitriolic acid go to ioq gr. of vi* 
triol of mercury, 13 will go to 68^.; thea 
if the weight of the yitriol of mercury be^ 
X 3 fubtra^cd 
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fubtraftcd from that of the whole of the ore, 
the remainder gives the weight of the marine 
fait of mercury, and this being fublimat^ 
corrofive, loo gr. of it will contain 77 of 
in^rcury, and fo in proportion* 

Species IV. 

J^inerahzed by Sulphur. 

Native Cinnabar. 

7. This is of different fhades, from a yelr 
lowifli to a deep red, and is found either pure 
in hard, friable mafles, either fhapelefs or 
cryflalized in cubes, and fometimes tranfpa- 
rent, or intermixed with clay or ftqne, or iu'- 
terfperied through the oyes of oth^r metals, 
particularly thofe of filyei: pr copper^ or 
martial pyrites ; Us texture is either radiated, 
flriated, fc^ly or granular. lOp parts of ciur 
nabar contain about 80 of mercury, and 20 
pf fulphur i artificial cinnabar contains a little 
more fulphur, and hence its colour is darker; 
its fpecific gravity is about 7,090 ; it fublimes 
in clofe veffels, and in open, it is decompofed 
and volatilizefl when fufficiently heated 5 it is 
infoluble in the pitrous and vitriolic acids j it 
is fometimes contained in very heavy red or 
jjrownifh red ftones or fapd, 

§• I'q ^nalyfe it ifi the moi|l way, its ftony 

ipatriij 
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matrix fliould firft be diffolvcd in nitrous 
acid, and the cinnabar being difengaged 
fliould b? boiled in 8 or 10 times its weight 
of aqua regia, compofed of 3 parts nitrous 
and I of marine acid ; the mercury may then 
be precipitated from the folution in its run- 
ning form by zinc. 

9. In the dry way the mercury is obtained 
in its running form by diftilling the cinnabar 
with \ of its weight of filings of iron, or 
even without iron, if the matrix of the cin- 
nabar be calcareous. 

Species Vt 

Mineralized by Sulphur nvith Copper. 

Black Ore of Mercury. 

10. According to Cronfted and Unneus this 
ore is of ^ blackifli grey colour, glaflfy tex- 
ture, and decrepitates ftrongly when heated ; 
the cinnabar is volatilized, and the copper 
remains, and may be diftinguifhed by the 
ufual tells. 

Species VI. 

Pyritous Mercurial Ore. 

11. Mr. Monnet rtXdXtSy that he found int 
Dauphini a grey or whitifh friable fubftancc> 

X 4 lOQ 
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1 00 parts of which afforded i of mercury, 
i of filver, and the remainder iron, cobaltt 
fulphur and arfenic. Minerakg. p. 392. 

1 2. CiR^abar mixed with arfenic or real- 
gar i? f^id to be found in Japan. 3 Lin. von 
Gmelin, p, 65. - At Morsfe/d, cin^s^bar and the 
white calx of arfenic prefent themfelyes in 
the fan^6 rock. /bid. 

CHAP, IX- 

Zinc^ 

1. Zlnp is the fliofl: malleable of all the 
femi-metals ; its colour is nearly the fame as 
that of lead ; its fpecific gravity is from 6,9 
to 7,24 ; it is foluble in all acids, and its fo- 
lution is colourlefs ; it melts at a lower heat 
than filver or copper, but a higher than lead 
pr tin, and at the fame time inflames and 
fublimes, forming a light white calx, called 
flowers of zinc, which are very fixed i^i fire,| 
^nd foluble in acids. 

Species I. 

Native. 

2. This has not as yet been obferved ; that 
^aentioned by Bomg^re appear:* to have been 
produced by art. 

Mineralized^ 
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Mineralized. 

3. All the ores of zinc tinge plates of cop^ 
per when ftratifiecj with them and charcoal, 
only the fulphureoys require previous torrc-» 
f^dion. 

Species IL 
Mineralized by the aerial Acid. 
Calciform Oret.. 
Of thefe there are 4 Varieties. 

I. Variety. 

fure Calx of Zinc^ Vitreous Zinc Ore^ Zinc 
Spar. 

4. Of a whitifli, grey, bluifli grey or yeW 
lowifh colour, and of a hardnefs generally 
fuflScient to ftrike fire with fteel ^ in its frac^ 
ture it refembles quartz, amorphous, ftalac* 
titical or cryftalized in groups, and weighty^ 
by calcination it lofes -f- of its weight, with- 
out emitting a fulphureous or arfenical fnxell, 
and is infufiblc in the ftrongeft heat either 
fingly or with mineral alkali, but eafily 
fufible with borax or microcofmic fait. In 
the mineral acids it is foluble with effer- 
vefcence, and with the vitriolic aflFords vitriol 
of zinc. 100 gr. of this ore contains about 

65 
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65 of the calx of zinc, 28 of aerial acid, 6 
of water, and i of iron, and fometimes a 
little of filex. 2 Bergm. Be Min. Zinci. 

5. iVb/^, Mr. Bergman fufpeds the fub- 
fiance called zinc fpar by Baron Born to be a 
different fubftance. Mr. Bindbeim found it 
infoluble in acids before calcination, and in 
the dry way infufible with the three ufual 
fluxes, but after calcination it becomes fo* 
luble in acids. 4^ Berlin Schrift.^gg. 

II. Variety. 

Mixed with a notable Proportion of Iron. 

Tutenago. 

6. Mr. Engejlrom^ in the Memoirs of Stocks 
holm for the year 1775, has given us an ana- 
lyfis of an ore of this fort from China ; it 
was of a white colour, interfperfed with red 
ftreaks of calx of iron, and fo brittle as to 
be eafily broken betwixt the fingers j in the 
dry way it exhibited the fame appearances as 
the former Variety, except that it loft no part 
of its weight ; it was foluble in the mineral 
acids, particularly with the afliftance of heat, 
and with the vitriolic afforded vitriol both of 
zinc and iron ; the quantity of fixed air was 
fo fmall as to be abforbed by the folution ; it 
contained ia various fpecimens from 60 tQ 99 

per 
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per cent, of zinc ; the remainder was iron 
pnd a fmall proportion of argill. Mr. Bind^ 
heim alfo discovered this Variety in Germany^ 
find found it to conilil of zinc, a little iron 
an4 filex. 4 Berl. Schrift, 40Q. 

III. Variety. 

JAixed nvith Iron and Clay in various PrtH 
f^qrttQnf. 

Calamine. 

7. Its colour is white, grey, yellow, brown 
or red, not fo brittle as the 2d Variety, and 
of various degrees of hardnefs, though 
fcarce ever fo hard as to ftrike fire with fteel ; 
its texture equable or cellular, and its form 
either amorphous, cryftalized or ftalaiStitical ; 
when calcined it lofes no part of its weight, 
jcxcept it be mixed with charcoal, and then 
flowers of zinc fublime ; it is foluble in acids, 
and with the vitriolic aflFords vitriol of iron 
as well ^s of zinc, which fhews the iron it 
contains is not much dephlogifticated. The 
fpecific gravity of the heft fort, that is, the 
grey, is 5,000: 100 parts of this afforded 
Mr. Bergman 84 of calx of zinc, 3 of iron, 
I of argill, and 12 of filex; but in other 
fpecimens thefe proportions are very different; 
fpme ores are fo poor as not to contain abqve 

4 per 
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4 per cent, of calx of zinc; a good orefhonld 
afford at leaft 30 per cent, and its fpecific 
gravity be about 4,400 or 5,000. 

8. Sometimes calamines contain a mixture 
of calcareous earth and lead. 3 Lin. ^on 
Qmel. 1 12. Moft of the Englifli calamines 
contain lead. 

9. The firft and fecond Varieties are eafify 
analyfed in the moift way, by diflblving them 
in the dilute vitriolic acid ; the filex, if any, 
will remain undiffblved, and the zinc and 
iron are taken up, and may be feparated by 
adding a piece of zinc previoufly weighed, 
and boiling the folution; the iron will be 
precipitated j the folution, which then con- 
tains only zinc, fhould be precipitated by 
aerated mineral alkali. 193 gr. of this pre- 
cipitate are equivalent to 100 of zinc in its 
metallic form, from which the weight loft 
by the inferted zinc fliould be fubtraded ; the 
weight of the fixed air and water may be 
coUecfted by comparing the lofs of weight 
which the ore fuffers by calcinatioa apd folu* 
tion in acids. 

10. The analyfis of the 3d Variety, or ca-* 
lamlne, is more complex. Mr. Bergman 
gives us two methods of performing it. The 
firft is to dephlogifticate it inthe nitrous acid 

with 
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With the afllftance of heat and boU away the 
iK:id to drynefsi Repeat this operation twice 
or thrice, uiing each time twice as much of 
the acid as the ore weighs 1 and, lafl;ly» dif- 
folve all that is foluUe in a frefh portion of 
nitrous acid : by this means the zinc (and 
lead if any) with the argilU will be taken 
up, while the iron, being dephlogifticated, 
will with the fJex remain undiflblved ; if 
the folution contains lead, the marine acid 
will precipitate it ; after which the vitriolic 
may be ufed to precipitate the calcareous 
earth, if any be contained in the ore, or the 
lead and other metals may be precipitated by 
adding a piece of zinca^ in N? 9. The zinc 
may then be precipitated by the PruJJlan 
alkali, the weight of which divided by 5 gives 
that of zinc in its metallic form contained in 
the ore. The undiffolved reliduum fhould be 
treated with three times its weight of concen- 
trated vitriolic acid, and evaporated to drynefs, 
aijd all that is foluble extrafted with warm 
water ; the iron fhould be precipitated by the 
IP ruffian alkali, and the argill by the aerated 
mineral alkali, which fliould alfo be added to 
the nitrous folution after the zinc is preci- 
pitated. 

1 1. The fecond method is fhorter and more 
ingenious. He diftills the vitriplic acid over 
calamine to drynefsj the refiduum he lixi-* 

viatcs 
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viates in hot water, what remains undidblved 
is filex ; to the folution he adds a cau(lic vo^ 
latil alkali, which precipitates the iron and 
argilU but keeps the zinc in folution, as it is 
foluble in vitriolic ammoniac ; the precipitate! 
he re-diflblves in vitriolic acid, and feparates 
the iron and argill as before. 

IV. Variety. 

Mixed with a notable proportion ofSiieXi 

Zeolytiform. 

1 4. The real contents of this lubftancd 
were firft discovered by Mr. Pelktier^ a mod 
accurate Parifian chymift. * It was long taken 
for a zeolyte, being of a pearl colour, cryfta- 
lized, femi-tranfparent, confifting of laminae, 
diverging from diflFerent centers, arid be- 
coming gelatinous with acids. It was com- 
monly called zeolyte of Friburgh^ he fdund 
ICO gr. of it to contain from 48 to 52 of 
quartz, 36 of calx of zinc, and 8 or 12 of 
water. 

Species IIL 

Mineralized by the Vitriolic Acid. 

13. This has already been mentiojied in 
the fecond, part* 

Species 
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Species IV. 
Minerali^id by Sulphur^ by means of Iron. 
Blende* P/eudo^galena. Black Jack. 

14. Of this there are feveral varieties, ge- 
nerally of a lamellar or fcaly texture, and 
frequently of a quadrangular form, refem- 
bling galena, they all lofe much of their weight 
when heated, and burn with a blue flame ; 
their fpecific gravity is inferior to that of ga- 
lena. Almoft all contain a mixture of lead 
ore, moft of them exhale a fulphureous fmell 
when fcraped, or at lead when vitriolic or 
marine acid is droped on them. 

I. Variety. 

Bluijh Greyf and of a Metallic Appearance^ 
Glanz Blende. 

15. Its form is generally cubical or rhom- 
boidal, its texture fcaly or fleel grained ; by 
calcination it lofes nearly ^ of its weight; 
after calcination it is more eafily foluble in 
the mineral acids. 100 Parts of it afforded 
Mr. Bergman about 52 of zinc, 8 of iron, 
4 of copper, 26 of fulphur, 4 of water, and 
6 of filex. 

16. To analyfe this ore in the moift way, 

Mr. 
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Mr. Bergman firft expelled the water^ dnd 
part of the fuphur by dtftillation ; the refi- 
duum he treated with 3 times its weight of 
oil of vitriol evaporated to drynefs, this lixi« 
viated with warm water, left only 6 parts 
undiflblved ; in this folution a polifhed plate 
of iron was boiled, which precipitated the 
copper. He then by means of the phlogifticated 
alkali, precipitated the zinc and iron. This 
precipitate being calcined in an open fife, was 
feveral times treated with nitrous acid, evapo- 
rated to drynefs, until the iron was perfedly 
dephlogifticated i frefh nitrous acid being 
then added, diflblved the zinc only, which 
being precipitated by the Prujfian alkali, the 
proportion of zinc, in its metallic ftate, was 
found as in N? 10. Neither metal, as con- 
tained in the ore, is much dephlogiAicated^ 

11. Vari£ty. 
Black, Fechehletide. 

17. Of moderate hardnefs, does not gi<rg 
fi're with fteel, frequently cryftalized, and 
then fometimes trarifparent, or femi tranf- 
parent ; when pulverized, it gives a reddifh 
powder, when heated it decrepitates, and if 
laid on a burning coal it emits a fulfureous 
fmell, and depofes white and yellow flowers i 
it is not magnetic even after torrefaftion, but 
lofcs 45 per cent, of its weight. It is fre- 

quemly 
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queiitly mixed with filvtfi*, arfenic, and other 
toetals. 100 Parts of that of Danemora^ 
examined by Mr. Bergman, exhibited 45 of 
zinc, I of regulus of arfenic, 9 of iron, 6 of 
lead, all flightly dephlogifticated, 29 of ful- 
phur, 6of water, and 4 of fiiex. 2 Bergm. 332. 

1 8. This ore he analy fed in the moift way 
after thci following manner, firft, by diftil- 
lation he obtained the water, regulus of arfe- 
nic, and part of the fulphur ; the refiduum 
he boiled in marine acid, until all that was 
foluble was taken up. To the folution, after 
its filtration and fome evaporation, he added' 
vitriolic ammoniac, by whofe decompofition 
vitriol of lead was precipitated in fome mea- 
fure, and the remainder of it by further eva- 
poration. This being fepa rated, the remainder 
was evaporated to drynels, and treated with 
nitrous acid, and at laft. calcined to dephlo- 
gifticate the iron ; the calx of zinc only, was 
thten diflblved in the nitrous acid, and preci- 
pitated by the Prujftan alkali. 

III. Variety, 

Red, or Rcddijh Broivn. Rod Slag of the 
Swedes. 

19. Its texture is generally fcaly, fome- 
times cryftalized, and femitranfparent, it 

Y gives 
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gnhss fire with fteeU it does not decrepitate 
nor fmoke when heated, yet k lofes about 13 
per cent, of its weight by torrcfaflion. 

100 Parts of that of Sahlberg, contained by 
^t. Bergman^ s analyfis, 44 of zinc, 5 of 
iron, 1 7 of fulphur, 5 of water, 5 of argill, 
and 24 of quartz* 

20. In analyfing this ore, the water and 
fulphur were obtained as before, nitrous acid 
was feveral times diftilled to drynefs over the 
refiduum, which was at laft calcined, and 
again treated with the nitrous acid, which 
then left the iron and quartz and a little 
argill undiflblved ; the Ftujian alkali preci- 
pitated the zinc from this foluticm, and after 
that, the aerated volatil alkali precipitated 
the argill. The undiffolyed refiduum was 
treated with oil of vitriol diftilled to dry-* 
nefs, which took up the calx of iron, and a 
fmall proportion of argill. The FruJJian alkali 
precipitated the iron, and the liquor being 
then evaporated, afforded a little alum and 
tartar vitriolate. 

IV. Variety* 
Phofphorefcent BlendeJ 

21. Its colour is generally greenifli, yel- 
lowifK green, or red, of different degrees of 

tranfparency, 



tranfparehcy, or opake ; wtieh fcraped with 
a knife in the dark, it emits light, even iti 
^ater, and after undergoing a white heat, 
when diftilled per fe, a filiceous fublimate 
rifes, which fhews it contains the fparry acid, 
probably united to a metal fince it fublimes. 
It is almoft wholly foluble in the marind 
acid in a boiling heat. 

Mr. Bergman found 100 parts of that df 
Scharjenbergf to contain 64 of zinc, 5 of iron, 
20 of fulphur, 4 of fluor acid, 6 of wat€f, and 
I of filcx. 

V. Variety; 

Creyijh ydloiv Blenda 

22. This confifts of a mixture 6f blende, 
galena, and^petrol, it contains about 24 per 
cent, of zinc ; it is probably the fame as the 
grey blende df Monnct Mineral, p. 400* 

VI. VARIEXy, 

, White Biende. 
^3. Found at Siherberget Cronftl §• ijo* 

VIL Variety. 
Tellonjt) Blende^ 

244 Of the colour of wax, and femi-tranf- ; 
parent, contains much fulphur, Mon. 4O0. 

Y 2 25. 
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25. In the dry way zinc is reduced by 
diitilling its ore after torrefadion, with a mix- 
ture of its own weight of charcoal, in an 
earthen retort well luted, and a ftrong heat ; 
but by this method, fcarce half the zinc it 
contains is obtained. 

CHAP. X. 

Regulus of Antimony. 

X. Its colour is of a (ilvery white, its tex- 
ture micaceous; its fpecific gravity, when 
perfeftly freed from iron, 6,860; it is re- 
markably brittle; the nitrous acid dephlo- 
gifticates it, but holds only a very minute 
portion of it in folution. The marine has very 
little effeA on it, but it is in a confiderable 
degree, foluble in aqua regia formed of 7 
parts marine, and i of nitrous acid ; or in a 
mixture of the vitriolic and marine acids, or 
even of the vitriolic and nitrous. It mehs 
long after it becomes red hot, emits a white 
fmoke, and evaporates, forming white flowers; 
in clofe veffels it fublimes without decompo- 
fition. 

Species L 

Nathe. 

2. This was firft difcovered in the mine of 
Sala in Sweden^ by that great metallurgift. 

Dr. 
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Dr. Schwab^ in the year 1748 ; it was com- 
pofed of fliinirig white irregular planes or 
facettes^ refetabling Mifpickely for which it 
was long taken, and in effed contained a 
mixture of arfenic ; it has alfo been lately 
found in the- mines of A l/emond in France by 
Mr. Mongez the younger, alloyed with about 
3 per cent, of arfenic, 23 Roz. 66. 

3. Its purity may be examined by boiling 
it in a large quantity of nitrous acid> which 

' will hold only the arfenic in folution. 

Species II. 

Mineralized by the aerial Acid. 

Native Calx of Antimony. 

4. This was alfo lately difcpvered by Mr. 
Mongez ; it confifts of a group of white cryf- 
talized filaments diverging from a common 
center like zeolyte ; urged with a blow pipe 
on charcoal it will diflipate, which, together 
with its infolubility in nitrous acid> is fuffi- 
cient to diftinguifh it. 

Species IIL 

Mineralized by Sulphur. 

AntimShy. 

5. Its colour is dark, or Wuifli grey ; its 

Y 3 texture 
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texture fibrous, cuneiform, folid, or lamel- 
lar ', this laft is fometimes called antimomal 
galena ; its form generally indeterminatet 
but fometimes cryffalizcd; it is the moft 
fufible of all ores; its fpecific gravity is from 4 
to 4,2j and when melted 4,7 or 5,000 1 it ful- 
lies the fingers, and is very brittle 1 when gra* 
dually heated in a crucible it loies about 22 per 

. ccntp of its weight, and becomes a grey cabc ; 

, it is perfectly foluble in the marine acid with 
the alTiftance of heat; the nitrous only cal- 
cines the regaline ptrt, and the vitriolic has 
but little efi^eft on it; 100 parts of it contain 
74 of regulus flightly dephlogifticated, and 
26 of fulphur, 3 BtTgm, ifiy, 

6. It is analyfed by folution in aqua regiat 
confiftingof r part nitrous, and 4 of marine 
acid ; the fulphur is found on the filter. 

7. In the dry way antimony is feparated 
from the ftony parts of itr> ore by diftillatioa 
per defctnjum ; it is afterw ards reduced to a 
regulus by gently roalling it untill it lofe^ 
23^5 per cent, of its weight, and then mix- 
ing the grey calx thub tormed with twice it$ 
weight of black Bux, and brifkly fufing it 
in a covered crucible. 

* J *^ Species IVf 
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Species IV.. 
MineraJiztd by Sulphur' and Arfinic4 
Arfcnicated Antimony. 

8. This is the fame as the plumofe filrer 
ore mentioned among thofe of filver^ Species 
1 1 j befides the colours there mentioned, it 
is found red or green, and then contains but 
^ fmall proportion of filver ; its textUfC fila* 
mentous, very brittle and fufible. 

9. It isanalyfed by folution in aqua regiai 
both the regulus and arfenic remain in the 
folution ; the fulphur is feparated by filtra- 
tioh I if the folution be then boiled with 
twice its weight of ftrong nitrous acid, the 
regulus of antimony will be precipitated by 
dephlogiftication, and the arfenic converted 
into an acid, which will remain in the liquor> 
?ind may be procured by evaporation to 
drynefs, 

10. If lilver Of copper be fufpe<fled in this 
ore, it fliould be treated in as Chap. 3* N? ?^# 

CHAP. XI. 

Regulus of Arfenic^ 

I. Of a bright yellowlfh white colour, but 

foon lofes its luftre, and grows black by expo- 

Y 4 Jure 
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furc to the air ; it is of a loofe ftrufture, very 
brittle, and of a lamellar texture ; its fpecific 
gravity is 8>3io ; if laid on a red hot iron it 
burns with a flight flame, white fmoke, and 
garlickfmell, is wholly volatilized, and tinges 
a plate of copper held over it white ; it is 
eaflly foluble in the nitrous acid, more diffi- 
cultly in the vitriolic, and fcarce at all in the 
marine ; boiling oils alfo diflblve it j it de^ 
tooates with nitre* 

Species L 

Native^ Scherben Cobalt^ FUegen/lein^ Cobalt 
teftace. 

2. Of a lead colour, of diff^erent degrees 
of hardnefs, friable, and of a fcaly texture, 
feldom, if ever, cryftalized ; it poflefles all 
the properties of th? regulus above de- 
fcriMt 

3. It may be analyfed by folution in aqua 
regia ; the filver, if any, will remain preci- 
pitated; the iron, of which it commonly 
contains a fmall proportion, will remain ia 
the folution ; but if a fmall quantity of water 
be added to the folution, the calx of arfenic 
will be precipitated, and the iron remain. 

4. Af^/Vi^A which confifts of arfenic nearly 
Jn ^ regulinc ftate unite4 with iron, has al- 

ready 
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ready been mentioned among the iron ores. 
Species 20. 

Species IL 

Mineralized by the aerial Acid. 

Calctform arfenical Ore^ native Calx of Arfenic% 
Jlos arfenici. 

5. It is found either indurated in the form 
of white opake, tranfparent, or femi-tranC- 
parent cryftals, or in a loofe powdery ftate, 
frequently mixed with native arfenic ; it is 
volatil when heated, though lefs fo than the 
regulus J it does not detonate with nitre, 
though an effervefcence arifes. 

Its fpecific gravity is from 3^706 to 5,000 ; 
it is foluble in about 70 or 80 times its weight 
of water in the temperature of 60, or in 15 
or 20 times its weight of boiling water ; the 
folution turns tindure of turnfole red^ and 
fyrup of violets ^reen ; it is fcarcely foluble 
in the vitriolic ?icid, fomething more in the 
marine, and moft perfedlly in the nitrous di- 
luted ; when in a powdery form, it is called 
Jlos arfeniciy and has been often takeil for ft 
calcareous earth. 

6. White pyrites^ which confifts of the qalx 
pf arfenic, misled with fulphurated iron, has 

beea 
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l>een defcribed ^mong the iron ores. Spe^ 

cies 19* . 

Species III. 

Mineralized by Sulphur. 

y. Of this there are two Varieties, the 
yellow and the red; botU are fublimable in 
clofe veffels, detonate with nitre, with fixe4 
alkalis form a hepar^ and are foluble in oils. 

I. Variety. 

Tellow^ Orpiment. 

8# This is rarely found cryftalizedl Baron 
Born once found it in a polyhaedral form in a 
blue clay in Hungary ; it is generally com- 
pofed of fhining, flexible laminae like mica^ 
more or lefs folid ; its fpecific gravity is about 
3,315; it contains only about — of ita 
weight of fulphur ; it burns with a blite ^ame, 

II. Variety. 

Rid, Realgar^ Raufchgdbe^ 

9. It is found either in ftiapelefsor ftaladt* 
tical mafles, opake or femi-tranfparent, or 
tranfparent and regularly cryftalized in o6ko- 
haedrat pyramids or prifms, and then called 
fuhy of arfinic\ its fpecific gravity is 3,225^ 

. lOQ 
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|o© parts of it contain 16 of fulpVux j »!•• 
trous acid foon deftroys its rednefs. 

10. To analyfe thefe ores, they fhould be 
digefted in marine acid, adding the nitrous 
by degrees to help the folution ; the fiilphur, 
will be found on the filter ; the arfenic will 
remain in the folution, and may be precipi- 
tated in its metallic form by zinc, adding 
fpirit of wine to the folution. 2 Bergm. 442, 

Species IV. 

Calx of Arfenic diffufed through Earths or 
Stones. 

11^ Henckel mentions a grey or bluifh marl 
in which this calx was found ; clay and cal- 
careous ftones are alfo fometimes impregnated 
with it 9 it is difcovered either by the finell 
when laid on burning coals, or by lixiviatioiu 

12. In the dry nvay calx of arfenic isfepa- 
jrated from the ores which contain it by fub- 
limation in a well luted retort, and a gradual 
heat, but fome always remains, which eisinnot 
be expelled but by ^n open fire and the addi- 
tion of charcoaU 

13. White arfenic, that is, calx of arfenic, 
is reduced to a regulus, either by quickly 
paelting it with ^ mi^^ture of 2 parts foft 

foapi 
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foap^ and two parts of mineral alkali, pouring 
it when in fufion into a hot iron cone, or by 
mixing it with oil to the confiftence of a 
fyrUp^ and then with a gradual heat diftilling 
the whole to drynefs; towards the end the 
regulus fublimesy and may be made more 
perfect by a fecond diftillation with its 
own weight of oil ; by reafon of the offenfive 
fmell the diftillation fhould be made in the 
open air. 

CHAR XII. 

Bifinuth. 

1. Bifmuth is of a reddifli or yellowiih 
white colour, of a lamellar texture mode- 
rately hard, and brittle; its fpecific gravity 
exceeds that of any of the femi-metals, or 
even moft of the intire metals, yielding only 
to that \of platina, gold, mercury, lead and 
filver, being from 9,600 to 9,700 ; its fufi- 
bility is nearly as that of lead j it is eafily 
foluble in nitrous acid or aqua regia, but 
fcarcely in the vitriolic, and ftill lefs in the 
marine ; its folution is colourlefs, and is pre- 
cipitable by the addition of pure water. 

2. 113 grains of this precipitate from 
nitrous acid, well walhed and dried, areequi-* 
valent to 1 00 of bifmuth in its metallic form. 

Species. L 
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Species I. 

Native. 

3. This is the commoneft of all native me- 
tallic fubftances, and is generally found either 
in cubes or odlagons, or of a dentriticalform, 
or in that of thin laminae invefting the ores 
of other metals, particularly thofe of cobalt, 
from which it is ealily diftinguifhed and fepa- 
rated by its great fufibility ; it is faid to be 
fbmetimes alloyed with filver ; if fo, they are 
eafily feparated by folution in nitrous acid^ 
and the addition of water, which precipitates 
only the bifmuth, and leaves every other 
metal in the folution. 

Species II. 

Mineralized by the aerial Acid. 

Native Calx of Bifmuth. 

4. When pure it is of a yellowifh white 
colour, and either \n a powdery form, or in- 
durated like mortar ; but it is frequently of 
a greenifli yellow colour, being mixed with 
ores of other metals ; the red and yellow part 
is moft commonly cobalt ore, though it 
has often been miftaken for bifmuth ; it is fre- 
quently found in glittering particles interfperfed 
through ftones of various kinds ; filver, iron, 
and other metals ^re alfo' found in it ; from 

all 
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all which it is feparable by folution in nitroii^ 

acid, as before explained. 

Mineralized by the 'uitriolic Acid. 
Wifmuth Bluth. 

5. This is faid to be of a yellowifli, red- 
difti, or variegated colour, and to be found 
mixed with the calx of bifmuth, incrufting 
other ores. Veltheim Grundrifsi 

Mineralized by Sulphur. 

6. It is chiefly found in Sweden^ is of a 
bluifh grey colour, lamellar texture, and tef- 
fellar form like galena, but much heavier ; it 
fometimes prefents parallel ftriae like anti* 
mony, and its colour is variegated ; it is 
faid to contain befides bifmuth alfo cobalt 
and arfenic. 3 Lin. von Gmelinj 133. This 
ore is very fufible, and the fulphur moftly fe- 
parateson fcorification ; it is foluble in nitrous 
acid, and is analyfed like the foregoing ores. 

Mineralized by Sulphur "With Iron. 

7. This is faid to be of a lamellar cunei-* 
form texture, and to be found in Norway. 

8. In the dry way bifmuth is extraded 
from its ftony ores by mixing 2 parts of the 

pulverized 
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pulverized ore with i of pounded glafs, and 
I of calcined borax, melting the whole in a 
crucible lined with charcoal. 

CHAP. xin. 

Cobalt. 

1. Cobalt, or regulus of cobalt, as it is 
called by fome, is of a bluifh ^rey colour^ 
very hard, brittle, and ft eel grained ; its fpe- 
cific gravity is about 7,700 ; its fufibility is 
nearly as that of copper ; it is difficultly cal- 
cined, and its c^lx is of a blue, fo deep as to 
appear almoft black; and this calx melted 
with borax, or potafli and white filiceous 
fand, gives a blue glafs : this calx is not vo- 
latil ; the regulus is eafily foluble in fpirit of 
nitre or aqua regia, and the colour of the fo- 
lution is red, but difficultly in the vitriolic 
and fcare at all in the marine acid ; the calx 
is more eafily diffolved by thefe acids; it 
yields even to the acetous. - 

Species L 

Natwe. 

i. This has not as yet been found j that 
which palTes for fuch is mineralized by 
arfenic. • 

Species 
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Species II. 

Mineralized by the aerial acid. 

Black Ochre of Cobalt y Vitreous Ore ofCobattf 
Kobalt mulniy Schlaken-Rohalt. 

3. This appears either in a loofe, powdery 
form, fometimes as fine as lamp black, either 
grey or blackilh, and called cobalt ochre, or 
in black indurated fcoriform maffes, called 
Schlaken Kobalt^ or vitreous cobaltic ore : 
they are both commonly free from fulphur 
and arfenic, and when there are any, they 
are only mechanically mixed with this ore; 
fome fmall proportion of copper and iron is 
alfo fometimes found in it ; it is frequently 
imbodied in ftones or fands of a black co- 
lour; talc, chalk and gypfum impregnated 
with it have been called by the fame name,, 
and by fome Spiegel Cobalt ; it is alfo con- 
tained in fome green and blue earths as al- 
ready mentioned, p. 78, and 79. 

4. Toanalyfe this ore let it be diffolved in 
the nitrous acid; a plate of copper dipped in 
the folution will difcover and precipitate the 
lilver, if any, and a plate of iron will dif- 
cover and precipitate copper, if the folution 
contains any j but it fhould fpeedily be with- 
drawn left the cobalt alfo fhould be precipi- 
tated ; 



abalt. Z0 

tated ; then the whole flxould be precipitated 
hj a fixed alkali, and dephlogifticated by ab^ 
ftradion of the nitrous acid and calcination j 
if the calx be then digefted in diftilled vine- 
gar, the cobaltic part alone will be taken up, 
and may be precipitated by mild mineral al- 
kali. 1 60 gr. of this precipitate denote 100 
of cobalt in its metallic ftate. 

Species IIL 

Mineralized by the Vitriolic or Arfenical Acids^ 

Red Cobalt Ochre^ Kobalt bluth^ Fleurs dc 
Cobalt. 

5. This alfo is found either loofe and pure, 
or mixed with chalk or gypfum, or indurated 
and cryftalized in tetrahaedral cryftals, or in a 
ftaladlitical form ; it melts eafily, and then 
becomes blue ; it frequently invefts other co- 
baltic ores, and is found fometimes in ftones^ 
or fand. Mr. Bergman has fhewn that the 
arfenical acid, and not the calx of arfenic^ 
enters into this combination, for cobalt is 
never red> but when united to an acid* 

6. To analyfe this ore, Mr* Bergman ad- 
vifes to diflblve it in wafer, aridulated with 
fome acid (fuppofe the nitrous) and then to 
precipitate the cobaltic part with mild, mi - 
p?ral ftllwU ; the liquor will contjya cubic 
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pitre and Glj^uber*s fait, if the yitriolic aci4 
be the mineralizer, or ^rfeQicated foda^ if the 
arfenical acid exifls in the CQinpQundt 

Species IV/ 
Mineralized by Arfenic^ nvithfcarce any Iron. 

Grey Cobalt Ore. Stahl derben Kobak, Glantz 
Cobalt. 

y. Solid, heavy, compad, fometimes of a 
dull, and fometimes of a bright appearance?, 
frequently cryftalized in a tefTelar, fometimes 
in a dendritical form, and generally fo hard 
as to give fire with fteel. 

8. It is analyfed by folution in aqua regia, 
or nitrous acid and evaporation to drynefs ; 
the refiduum treated v^ith the acetous acid 
will yield to it the cobaltic part ; the arfenic 
ihould at firft be precipitated by the addition 
of water. 

9. Or elfe this ore may firft be roafted to 
cxpell the arfenic, and then treated with ni- 
trous acid, the cobalt will be diffolved with 
very little of the iron, then by boiling the 
folution moft of the iron will be precipitated, 
and by adding a fixed alkali, the remainder 
of the iron will firfl: be precipitated yellowifh, 
^nd afterwards the cobalt reddifh. Mem. Berk 

^779\ 
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1 779, p. 1 6. So alfo the Frujfian alkali will firft 
precipitate the iron blue, and afterwards the 
cobalt reddifh, (ibid. J or rather grey. 

Species V. 

Mineralized by Sulphur and Arfenic with Iron^. 

White arfenicated Cobalt Ore^ Kobalt Glantz. 

lo. This bears a great refemblance to the 
laft, but is fofter, for it never ftrikes fire with 
ileel, and fometimes it is fo foft that it may be 
fcraped with a knife ; it moftly appears under 
fome polygon form 5 the moft fhining forts 
of this, and of the former Speciesy have been 
called Cobalt Glantz. 

It is arialyfable like the former Species ; the 
fulphur may be caught on the filter* 

Species VL 

Mineralized by aftnall Proportion of Sulphur^ 
ivith a notable Proportion of Iron without 
any Arfenic. 

White unarfenicdted Cobalt Ore^ 

II.. It IS fometimes found in large maflfeSf 

and fometimes in grains cryllalized, of a dull 

white colour, and freqjieatly bears the ap- 

2 a pearance 
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pearaoce of mifpickel ; it becomes black, aod 
DOt red by c&lcioatioat ^hich diftinguiihcs k 
from pyrites; it coatains fo Utde fulphur, 
that none can be extraded from it ; when 
diflblved in aqua regia^ its folutioq is yellow 
while cold, but greenifii when boiling, which 
Ticiflitiide of co^ar is peculiar to marine co- 
t>alt ; it contains much more iron than it does 
cobah* 

I ?. In the dry way cobaltic ores, after free-^ 
ing them from their matrix by walhiqg, and 
fi-om iulphur and arfenic by roafting, are re- 
duced by melting them with three parts blac^ 
flux in alined and covered crucible, in a fmith'a 
ibrge ; the beft or6s contain from 60 to 80 
per cent, of regulus, the worft under 25 pep 
cent. Smalt is reducible in the fs^me manner^ 

13. To eflay the tinging power of cobakic 
ores, the roafted ore is melted with three 
times its weight of pot-afli, and five times its 
weight of pounded glafs or flint, putting in 
fh« pot afh firft, then the glafs or flint, and 
over ?iil the ore. $ch^. 322. 

14. If any bifmuth be contained in the 
cobalt ore, it will not mix with the regulus of 
cobalt, unlefs qickel alio hf^ contained in \t^ 
b«t will iiwfly ^41wx^ %o \i^ ^ad m»y be fe- 

J>aT?tte4 
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it melts much eafier than cobalt; whctt 
tobalt is by means of nickel united to bif«* 
muth, the compound is called Sptifsy to alfo 
is a compound of cobalt, nickel> bifmuth, 
fulphur and arfenic* 

15^ In general, cobahic ores are known 
by their property df aflfbrding fympathetic 
ink when digefted in aqua rcgia, after the 
bifmuth is precipitated by the addition of 
water* 

CHAP. XIV* 

Nickel. 

I. Nicikel 18 i reddifh white Jeipi^metal pf 
great hardnefs, fo that it can fcarce be filed> 
and of an equable texture i its fpecific gra- 
vity varies according to its purity from 7^421 
to 9^000, the pilreft being the heavieft ; when 
very pure it is in fome degree malleable, and 
always magnetic, and hence it is deemed to re- 
tain iron. The fufibility of the common re- 
gulus is nearly as tn^t of \ copper : it calcines 
more difiicultly than cb^alt; its calx is green, 
and rifes in a tuberofe ftdngoua form ; it is 
difficultly foluble in the vitriolic or marine 
acid, but eafily in the nitrous ; all thefe folu- 
tions are green, and volatil alkali turns them 
. . Z 3 blue, 
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blue^ but iron difcovers no copper in them, 
as it does in every combination of copper, 
fulphur, iron, arfenic and cobalt. Henc6 
nickel mull be deemed a diilin£t femi-metal : 
befidesy Mr. Bergman has Ihewn that ful- 
phur, arfenic and cobalt may be perfeftly fe- 
parated from it, though perhaps iron cannot ; 
but it feems to me very probable that nickel 
itfelf may be magnetic : tfie pureft regulus is 
much more difficultly calcined or melted. 

Species I. 

Native. 

7. This is mentioned by Mr. Rinman to 
have been lately found in a mine of cobalt in 
Hejfe ; it is very heavy, and of a liver colour, 
that is, dark red ; when pulverized and roaft- 
cd under a muffle, it forms green excrefcences, 
and fmokes, but its fmpke has no particular 
fmell, and no fublimate, whether fulphureous 
or arfenical, can be caught ; it is foluble in 
acids, and the folution is green ; but a po- 
lilhed iron plate difcovers no copper. 

Species II. 

Mineralized hy the aerial Acid. 

Native Calx of Nickel. 

3. Jt is found in the form of a. green calx, 

mixed 



ihixied with cak of iron, fcattered oYer the 
We of kupfernickel ; alfo ia fome greea 
days. Cronft. §. 255*, 

Species lit. 
Mineralized by the VitrioHc Act J. 
Vitrtoi of Nickd. 
4. Already mentioned in the 2d Part^ 

S^ECJlEslVi 

Mineralized hy Sulphur and Arfenk^ ivilh Con 
bait and Iron. 

Kupfernickel. 

^. This is of a reddilh yellow bright co- 
lour ; its texture either uniforni, granular or 
fcaly, bright in its fradlufe, very heavy, and 
generally covered with agreenifh efflorefcence; 
by calcination it lofes much of its fulphur, 
and becomes gteen, forming fungous rami- 
fications. 

6. Its ahalyfis in the moift way is as yet 
Very imperfed; by folution in the nitrous 
acid it is freed from its fulphur, and by ad- 
ding water to the folution, bifmuth, if any, 
may be precipitated, as may filver if con- 
Z 4 tained 
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tuotA in it by the marine acid, and €0^>er 
when any by iron. To feparate cobalt from 
nickel when the cobalt is in conliderable quan-* 
fityt Mn Gerhard advifes to drop a (aturate 
iblution of the roafted ore in nitrous acid, into 
liquid volatil alkali : the cobaltic part is in- 
ftantly re-difli^ved, and aflumes a garnet co- 
lour ; when filtered a grey powder remains 
on the filter, which is die nickel : the cobalt 
may be precipitated from the volatil alkali by 
any acid. Mem. Berlin^ i779» P« ^7 ^^^ ^8. 
cobalt may alfo, in fome meafure, be fepa- 
fated from nickel, by melting it with three 
times its weight of liver of fulphur ; the co- 
balt will be taken up, and may be fe{^rated 
by lixiviation. 2 Bergm. 244. 

7. In the dry way a regulus is obtained 
from the ores of nickel by long continued 
torrefa£lion, which expels much of the ful- 
phur and arfenic, and then melting the green 
calx thus obtained, with twice or thrice its 
weight of black flux in an open crucible co- 
vered with common fait by the flrongeft fire 
of a fmith^s forge, a regulus is found, which 
amounts to from 30 to 50 per cent, of the 
weight of the green powder : this regulus 
ftill contains fulphur, arfenic, cobalt and 
iron ; its further depuration is very laborious, 
and may be feen in the fecond volume of Mr. 
Bergman^ works* 

8- It 
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8. It is highly probable that nickel exifts 

m fome fpecies of roof flates, and in horn- 

ftonesy whofe folution in fpirit of nitre is of 

a greeft colour. 

C H A ?• XV. 

Regulus of Manganefe. 

1. This femi-metal was for the firft time 
clearly defcribed, and its properties admirably 
inveftigated and explained by Mr. Scheele in 
the Memoirs of Stockholm ^ for the year 1774* 
It was afterwards exhibited in its metallic 
form by Mr. Gahtj and its properties in that 
ftate, defcribed by Mr. Bergman in the fecond 
volume of his works ; fince that publication 
it has frequently been produced in France 
by Meffrs. Morveau and Lapeiroufe^ and lately 
here by Mr. Woulfe. 

1. This regulus is of a dirfky white colour^ 
an irregular and uneven furface, arifuig from 
its imperfeft fufion ; in its fradure it is bright 
and ftiining, but foon tarniflies by expofure 
to the air ; it is harder than iron, lefs fufible, 
and very brittle; its fpeeific gravity is 6,850* 
When pulverized it is always magnetic, 
though larger pieces be not fo; if it be ex- 
pofed to the air, particularly in moift weather, 
it fooh crumbles into a blackilh brown powr 

. der, 
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der, which is fomething heavier- than thd 
regulus. It is foluble in acids, but moft readily 
iki the nitrous, and its folutions are moftly 
colourlefs, but that in the nitrous is generally^ 
brownifh from a flight taint of iron, but ther^ 
is always a fpungy refiduUm of the nature 
of plumbago, left undiflblved. Thefe folu- 
tions give a white precipitate with aerated 
alkalis, which precipitate when heated grows 
black. 

3. The regulus is obtained by mixing the 
calx or ore of Manganefe with pitch, making 
it into a ball, and putting it into a crucible 
lined with powdered charcoal —of an inch 
thick on the fides, and ^ of an inch at bottom, 
then filling the empty fpace with powdered 
charcoal, covering the crucible with another 
inverted and luted on, and expofing it to the 
ftrongeft hea4.of a forge for an hour or more* 

Species L 

Nathe* 

4, This has not as yet been found, iior 
can it be expedled, (unlefs perhaps alloyed 
in native iron) as manganefe lofes the pro- 
portion of phlogifton neceflary to its me- 
tallic form, more readily than any other me- 
tallic fubftance. 

Species 
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Species IL 

Mineralized by the Aerial Acid. 

Native Calces of Manganefe. 

5. The aerial acid is the only mineralizer of 
manganefe in a drjr ftate, yet known ; and 
according to the different degrees of phlogifti- 
cation of the manganefe, it forms with it calces 
of different colours and different properties, to 
tmderftand which it is neceffary to remark, 
that When manganefe is as much phlogifti- 
cated as it can be, without being in a reguline 
ilate, it forms a nvhite cdAx^ which contains 
a large portion of fixed air (about 40 per 
cent.) which enables it to retain phlogiflon, 
as the compound of acid and calx, at-* 
trads phlogifton more ftrongly than either 
does when fingle ; in proportion .to its de* 
phlogiftication, and by union with other fub- 
ftances, its colour is either blue, green^ yellonv'y 
redj brown or black ; blue^ is that which it 
acquires from the proportion of phlogiflon, 
which it is enabled to retain by reafon 
of its union with fixed alkalis ; green arifes 
from a mixture of the blue with the yellow 
calx of iron ^ yellow always arifes from the 
prevalence of the calx of iron ; red, from a 
flight phlogiftication of the calx of manga- 
nefe j blacky from its thorough dephlogifti*^ 

cation. 
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cation. Yet if the black calx be long rdafied^ 
it becomes green^ which I think arifes from 
the expulfion of fixed air, which leaves its 
phlogifton with the manganefe^ and thus 
produces a blue^ which mixed with the yellow 
calx of iron^ gives a ^r^^; brazvfi arifes from 
a mixture of the red and black calces of 
manganefe. Thefe obfervations I have ex- 
traded from Mr.Scbeele*s incooiparable differ-* 
tation* 

6. All thefe calces, of whatever colottf 
Acy may be, communicate a garnet colour 
to glafs of borax, when treated with a blow 
pipe# for being melted into a round globulci 
the furrounding atmofphere dephlogifiicates 
them fufficiently to make them affume thi» 
colour. 

7. Hence we may diftlnguifh 3 principal 
varieties of the native calJc of manganefe^ the 
iivhitCi the red, and the black* 

I. Variety* 

fFhke Ore of Manganefe. 

8. This contains but a very fmall pfopottioll 
of iron; it has been found by yit.Rinman 
both in fmall white cryftals, and in round 
maffes in the cavities of quartz and adhering 
to glanzblend, rather lefs hard than limfi- 

. ftone^ 
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ftone, of a fparry texture, and fcvcely mag«» 
netic even ^fter roafting, foluble with eiFer* 
vefcence ia nitrous acid, and aflFording a 
colourlefs folutioti, which fohition, with mild 
alkalis, gave a white precipitate, and the pre- 
cipitate, when heated, prefentlf grew black* 
a fure criterion of manganefe. Mem^ Stocky 

g. Mr. Lapeiroufe found this whit^ ore in 
the form of a fpungy efflorefcence, vegetating 
on th^ furface of foroe iron ores, particularly 
fa?smatite$. 

10, It has been feen alfo by Mr. Rinman 
Jn the form of a calcareous fpar, of the colour 
of rofifiy and fomewhat fliining, in ibme 
plapes covered over with a footy powder, 
and in thin pieces femi-tranfparent at the 
edges, and not hard enough to ftrike fire with 
fteel ; nitrous acid diffolves it almoft intirely, 
with mild alkalis the folution gives a whiM 
precipitate, which blackens when heated. It 
confifts of manganefe imbodied in zeolytey it 
melts perfe with the blow pipe into a whitifh 
^rey porous flag, and with the addition of 
palcined borax ^v^s a garnet coloured glafs. 

11. Many of white fparry iron ores may 
Ijlfo be plaflfed ainong th^ ores of manga- 
nefe. 
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titSCf as they contain more of it than of 

}ron« 

n. Variety. 

Red Ore of Manganefe. 

1 2. It contains lefs fixed air, and is accom- 
panied with more iron than the former va- 
riety, and alfo with calcareous or ponderous 
earth and filex* It is found either loofe and 
femi-indurated in a matrix of calcareous fpar^ 
or talky fhiftus, or on haemetites and other 
iron ores, or in heavy hard maflfes of a lamellar, 
radiated, or equable texture, or cryftalized in 
pyramids, rhomboids, or fhort bright brittle 
needles. 15. Roz. 69. 

III. Variety. 

Black and Brown Ore of Manganefe. 

17,. I place thefe together, as they diflFer 
but little ; they are found either cry ftalized in 
the fame form as the red ore, or in folid 
mafles, feme of which have a metallic ap- 
pearance, others are dull, earthy, and mixed 
or embodied with quartz, or in a loofe earthy 
form; their fpecific gravity is about 4,000 
both, particularly the brown and the red are 
foluble in fome meafure by digeflion in oil of 
vitriol, and the folution is at firft reddifh, but 

afterwa^^da 
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idFterwards becomes colourle(s> unlefs they 
{Contain a large proportion of iron. But th^ 
j^ephlogifticated nitrous acid does not aft on 
them except fugar be added, and then thia 
acid, as well as the concentrated vitriolic^ 
operates a colourlefs folution, which with mild 
filkalis, gives a white precipitate of the fame 
nature as ^e firft vjtriety ; they contain more 
iron and lefs fij^ed air than the former va- 
rieties. 

14^ Perigord Stone belongs to this variety, 
it is of a dark grey colour like bafaltes or trapp^ 
may be fcraped with a knife, yet is difficultly 
broken ; when calcined it becomes of a red- 
difh brown colour and harder f but not mag- 
netic. Its fpecific gravity h confiderable, it 
does not melt />/?ry^j^ but with borax it affords 
an amethyftine glafs ; nitrous acid fcarcely 
afts on it without the addition of fugar, 
this flone feems alfo to contain argill, and 
fome portion of iron, 

15, One of the moft remarkable ores of 
manganefe is that called black nvad i it is of 
a dark brown colour, partly in powder and 
partly indurated, and brittle. If half a pound 
of this be dried before a fire, and afterwards 
fufFered to cool for about an hour, and then 
two ounces of lintfeed oil be gi:adually poured 
pn it, mixing t^ienv loofely Tike barm with 

flour, 
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jBooTf little clots will be formed, and in (bme* 
thing more than half an hour the whole wilt 
gradually grow hot, and at laft burft into a 
flame, as I have feen fereral times at the 
houfe of Sir Jofepb Banks. The tempera* 
ture of the room where the experiment was 
made was about 50 : the heat this ore was 
expofed to while drying might be about 13a. 

16. According to Mr. Wedgenvood^s ana* 
lyfis 100 parts of black wad contain 43 of 
xnanganefe, 43 of iron, 4,5 of lead, and 5 
of mica« 

1 7. To analyfc the abovementioned ores^ 
they fhould be firft roafted to dephlogifticate, 
the calx of manganefe, and iron if any, thea 
treated with dephlogifticated nitrous acid to 
diffolve the earths ; the refiduum fhould then 
be treated with nitrous acid and fugar, by 
which means a colourlefs folution of manga* 
nefe will be obtained, which being precipi- 
tated by aerated mineral alkali, will give a 
precipitate 100 gr. of which are equivalent 
to 100 of regulusof manganefe, 

1 8. Many fpecies of iron ore contain man* 
ganefe. To difcover it, let the iron be dif- 
folved in fome acid, and precipitated by the 
Prujftan alkali ; let the folution be poured 
off, and the precipitate digeft^d in pure 

water J 



Mangamfi. $^i 

water i the FruJJian manganefe will be dif- 
folved, and the Pruffian iron remain undif- 
folved. Sec alfo Chap. 5. N?4i and 53. 

Manganefe in Vegetables. 



u 



ig. ** Manganefe fecms to be containeil 
in the afhes of mod vegetablesy and to it 
♦* the blue or grcenifh colour of calcined ve- 
** getable alkali is owing. Thefe colours 
** are generally attributed to the phlogifton 
** of the alkali ; but if fo, they fhould not 
** be found in fixed nitre, as the nitrous acid 
^' fhould carry off during its decompofitUHX 
** all the phlogifton 5 yet this alkali is always 
** greenifh, fo that the colour feems to arife 
^* from the afhes of the charcoal with which 
*• the nitre was decompofed. If 3 parts of 
** the alkali of tartar, i of fifted afhes, and 
*' ^ of nitre be melted together, they form 
** a dark green mafs, which being difTolved 
** in water affords a beautiful green folution^ 
** and this being filtered, on the addition of a 
** few drops of oil of vitrbl, becomes tfidj 
** and after a few days a brown powder is 
** depofited, which has the properties of 
•' manganefe/' Sche^k ^6 Mem. Stock. 
I774» p. 189. The aflies of ferpyllijm coup- 
tain very litde of it, thofe of trees contain 

A a CHAP. 
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CHAP. XVJ. 

Siderite. 

!• The firft diftinft mention I find made 
of this fubftance is iH the Mineralogy of Mi!, 
Monnety p. 384, printed in 17793 but the 
merit of difcovering its nature is undoubt- 
edly due to Mr. Meyer of Stetitij who, not 
contenting himfelf with vague generalities, 
developed its principal properties by a feries 
of ingenious and well connected experi- 
ments publifhed among the Memoirs of the 
philofophical fociety oi Berlin for the year 
1 78 1 and 1782 ; fome few of which he alfb 
mentioned in the Memoirs of the preceding 
year. Mr. Bergman^ ignorant of what Mr, 
Meyer had done, arrived at the fame conclu- 
• iions nearly at the fame time, as may be 
feen in the 3d volume of his works, and 
difcovered fome additional properties of this 
new femi-metallic fubftance* From thefe 
fources I have extraded the following ac* 
count of it. 

2. Siderite is principally found in iron, of 
the firft fufion or caft iron, and in the ores of 
coldftiort iron. The manner of its extraction 
has been already mentioned. Chap. 5. N? 
46. A pound of caft jron fometimes affords 
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about 12 draq^ms of this calx, whofe natural 
•colour is white;, but it rs generally tinged 
brown or yellow from a mixture of the calx 
0% iron. Mr. Bergman purifies it by repeat- 
edly abftrading the nitrous acid over it, 
which dephlogifticates the iron, and leaves 
the calx of fiderite *foluble in the mineral 
acids^ but not in the acetous. 

3. The folutions of it in the vitriolic and 
marine acids cryftalize, though very diffi- 
cultly ; it rather tends to form a jelly, parti- 
cularly if there be an excefs of acid ; the fo- 
lution in the nitrous is reddilh, and in, the 
marine yellowilh } all are flowly precipitable 
by water. 

4. This calx is alfo in fome meafure fo- 
iuble in water, but i part of it requires 1500 
of boiling water for its folution. 

5. Alkalis, both fixed and volatil, have 
fome adion on it, and acquire a brown tinge 
from it, 

6. In the dry way it melts perfe on char- 
coal, and is not volatil ; it gives glafs a green 
colour, except it meets phlogifton, and then 
the colour is brown, 

7. It is reduced to a regulus by ni^lting it 

A a « vrith 
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W(th half its weight pf borax in a crucible 
Uned to the thicknefs of -^s ^^ ^^ ^^^^ ^* 
a mixture of charcoal and a little clay, and 
expofmg it to the fire of a fmith's forge for 
three quarters of an hour. 

8. The regulus is of a fteel grey colour, 
not fo hard as cobalt, exceeding brittle, bot 
magnetic in fmall pieces, though {lightly fo 
when powdered. Its texture is granular , 
its fpecific gravity about 61710. 

g. Its fiifibility is nearly as that of cop- 
per, and it feems to contain fomething more 
phlc^fton than iron does; it is not volatil 
when heated. 

ID, It is very dSflScultly foluble ih any 
acid, and requires the affiftance of heat ; after 
ebullition for feme days the nitrous acid out 
of 5 grains diflblved only 4, aqua regia 4,2, 
dilute vitriolic acid 3,5, and the marine 3. 
Infufion of galls turns thefe folutions black J 
the PruJJian alkali gives a dark blue precipi- 
tate, and common alkalis a white precipitate, 

II. It precipitates gold, filver and copper 
very flowly from their folutions, and in their 
metallic form ; but lead from nitrous acid in 
the form ot a calx i it does not precipitate 
ifterguryfrom the nitrous igid^ 

la- 1% 



12. tt IS itfelf precipitated froni the ni- 
trous acid in the form of a brown calx by 
zinc and iron. Copper feems to precipitate 
only a little dephlogifticated iron from it, to 
which a little of the white cal* is united ; 
lead alfo produces the fame efFedt, 

1 3* It does not detonate with nitfe, though 
it alkalizes it, and is dephlogifticated by it, 

14. It does not unite with fulphur. 

15. It fublimes with fal ammoniac, and 
takes a yellow colour. 

1 6* It does not amalgaraite with mercury* 
but when in fufion it unites with iron, cop* 
per, or cobalt, but not with any other me- 
tal, except perhaps nickel, which has not 
been tried i it converts bar iron into the ftate 
of crude or caft iron, and when in a fmaller 
proportion renders it coidjhort. 

CHAR XXII. 

Molybdena^ Molybdena tfifmk^cinacea Cronjl. 
1 54* Wajferhky of the Germans. 

I. It refembles plumbago, but its laminae 

are larger, brighter, and when thin (lightly 

flexible ; it is of a lead colour^ and does not 

Aa3 ilrike 
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ftrike fire with fteel i its fpecific gravity is^ 
4,569. 

2. In an open fire it is almoft intirely vo- 
latil and infufible. Microcofmic fait or borax 
fcarcely affedl it, but it is adted upon with 
much effervefcence by mineral alkali, and 
with it forms a reddifh mafs, which fmells of 
fulphur. 

3. I^ is affedled by no acid, but the ni- 
trous and arfenical, both require the affifliance 
of heat ; the latter is converted into orpi- 
ment. 

4. Mr. Scheelehzs found it to confift of an 
acid of a peculiar nature united to fulphur i 
a fmall proportion of iron is commonly found 
in it ; but this feems merely fortuitous ; 100 
parts of it contain about 45 of acid, and 55 
of fulphur. 

5: It is decompofed either by detonation 
with nitre, or by folution in nitrous acid : 
this latter method is the readieft : for this 
purpofe it is to be 5 times diftilled, each time 
with 4 times its weight of fpirit of nitre ; a 
white calx at laft remains, which is the mo- 
lybdenous acid. 

6. This acid is foluble in 570 times Its 

weight 
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\veight of water in the temperature of 60; 
the folution reddens that of litmiiSj precipi-^ 
tates fulphur from the folution of Uver of 
fulphur, &€• the fpecific gravity of the dry 
acid is 3>46o. 3 Bergm. 127. 

7. This acid is preeipitable from its folu- 
tion in water by the Pruffian alkali, and 
alfo by tin<flure of galls the precipitate is 
reddifh brown. 

8. If this acid be diftilled with three times 
Its weight of fulphur, it re-produces molyb- 
dena. 

. 9. The folution of this acid in water 
unites to fixed alkalis, and forms cryfta-* 
lizable falts; fo it does with calcareous earthy, 
maghefia, and argil! : thefe laft combinations 
are difficultly foluble ; it adts alfo oh thii 
bafe metalS) and with them affiimes a bluiih 
colour. 

10. This folution precipitates filver, mer-i 
cuty, or lead from the nitrous ^cid, and lead 
from the marine§ but ndt mercury. 

It alfo precipitates barytes from the nitrous 
iand marine acids, but no other earth. Mo^ 
lybdenous barofelenite is foluble in cold 
waten 

Aa4 II. This 
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It. This acid is itfclf foluble in the vi- 
triolic acid with the ai&ilaQce of heat, and 
the folution is blue when cold, though co- 
lourlefs while hot ; it is alfo foluble in the 
marine acid, but not in the nitrous. 

12. Molybdenous tartar and ammoniac 
precipitate all metals from their folutions by a 
double affinity. Gold, fublimate corrofive, 
zinc and manganefe, are precipitated 'ivhitt ; 
iron or tin from the marine acid brown $ co-- 
bait red j copper blue. 

13. Alum and calcareous earth white. 
ScbeeleMem. Stocky 1778. 

14. This acid has been lately reduced by 
Mr. HieJmy but the properties of the regu- 
lus thus obtained are not yet publiihed. 

CHAP. XVIII. 

Of the Tungflenic Acid. 

Though this acid, and the manner of ob- 
taining it have been already mentioned, p. 38, 
yet as it is of a metallic nature, a few of its 
diftinguifhing properties may properly be in* 
ferted here. 

I. Its folution in water reddens that of 

litmus i 
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litmus; with alkalis it forms cryftalizable 
falts ; with barytes calcareous earth, and mag- 
nefia infoluble compounds. 

2. This folutioa is precipitated white by 
the Prujfian alkali, and the precipitate is fo- 
luble in water. 

3. It precipitates the folutions of vitriols 
of iron, zinc, copper, and the nitrous folu- 
tions of filver, mercury and lead, and that 
of lead in marine acid ; all thefe precipitates 
are white : the folution of tin in marine 
acid is precipitated blue, but the folutions of 
gold and fublimate corrofive are not altered 
by it. 

4. The folutions of chalk or alum are not 
altered by it, but that of barytes in the 
acetous acid is precipitated, and the- precipi- 
tate is infoluble. 

CHAP. XIX. 

Saturnite. 

The fubftance to which I ventured to 
give this name, is faid by Mr. Monnet, to be 
found in the lead mines of Poullaoven jin 
Brittany f and is feparated from the lead ore 
during its torrefadlion. According to hiiu 
it refembles lead ia its colour apd fpecific 

gravity. 
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grayity, is foluble in the fame acids^ and witfe 
the fame phenomena ; but it is much more 
fufible, very brittle^ eafily fcorified and vo-i 
latilized, and refufes to mix with lead when 
in fufion. It were to be wiihed it was better 
examined. 

CHAP. XX. 

Reflexions en the nature qfCahalty Nicke/j and 
Manganefe. 

I. The principal reafon why any fimple 
fubftances are reckoned fpecifically different 
from each other, is their manifefting pro^ 
perties permanently different in the fame cir- 
ciimftances, and every fubftance muft be 
deemed fimple, until it can be refolved into 
different principles, or formed out of them. 
Every other indication is at beft a fiirmife 
grounded on mere poffibility, but deftitute 
of probability, and therefore inadmiflable in 
any exa£t fcientifical fyftem ^ upon this foun- 
dation moft chymifts and mineralogifts have 
admitted the abovementioned fubftances to a 
diftindt rank among femi -metals. Yet as 
fome others defervedly of great note, namely, 
Mr. Pabfl, Mr. Monnet, and Romi de Lifley 
have afferted, that all, or fome or other of thefe 
femi-metals, are either modifications of iron, 
or compounds of fome fort i I prefume it will 
not be amifs before I conclude this treatife, to 

ilate 
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ftate the reafons they have alledged, and 
juftify the opinion I have followed. 

Of Cobalt. 

2. With regard to cobalt, fome have tliotighf 
it to be nothing elfe but a compound of iron 
and arfenic, aflerting that fuch a compound 
would communicate a blue colour to glafs, 
but this pretenfion has been fully refuted by 
the experiments of Mr. Brandt. Mem. Sued. 
p. 46 and 47. and thofe of Mr. Monnet. Dijf. 
Des. Mett. p. 279. 

3. Others have thought that the tinging 
quality is produced in cobalt, merely by its 
union with arfenic, becaufe it fometimes 
happens, that cobalt will not tinge, unlefs 
arfenic be added to it. But the true reafbn 
of this phsenomenoh is, that cobalt will not 
tinge unlefs it is dephlogifticated, nor even 
then unlefs it melts, and it fometimes hap- 
pens that cobalt is too much dephlogifticated, 
and then it will not melt in the ufual heat, 
without the addition of arfenic, which ferves 
as a* flux to it ; for that arfenic is not other- 
wife eflfential to its tinging property is evi- 
dent from this, that fome cobalt ores, which 
tinge admirably well, are yet abfolutely free 
from arfenic, fuch as the vitreous ore, Sp. 2d. 

It 
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4* It is trae, that in fome circumftances gla^ 
may be tiBgcd blue by iron, as Mr. Gmelin 
has learnedly (hewn in the 5th part of Mr. 
CrelPs Cbymical Journal i but this iron is 
not transformed into cc^alt ; for if that glafs 
be digefted in aqua regia, the fblutionwill 
not form a fympathetic ink ; but, on the con- 
trary, will manifeft every property of iron ; 
whereas glafs tinged blue by cobalt wilUwhen 
digefted with aqua regia, afford fympathetic 
ink, and manifeft the other diftin<ftive cha- 
raders of cobalt. 

Nickel. 

5. Mr. Monnet thinks that cobalt and 
nickel are one and the fame metal, which 
when united to iron, exhibits the properties 
of, and is called cobalt, but when free from 
iron, is called nickel ; fo that nickel is the 
fimple fubftance, and cobalt the compound. 
The folutions of cobalt he adds are red, merely 
on account of the iron, otherwife they would 
be green like thofe of nickel ; the blue tin- 
ging matter he fays is inherent in cobalt, but 
il cannot be developed without the addition 
of iron and arfenic. This opinion carries 
its own refutation with it, for common nickel 
always contains at leaft as much iron as cobalt 
does, and yet conftantly gives glafs a reddifh 
yellow colour, and if ever the addition of 

arfenic 



arfenic makes it give h, blue tingis \:dglftfi» 
it is beoaufe it contains a portioa of €obak» 
which is not eafily :de|^l0giftioated, but re^ 
mains inaregulmeftate) and V?hile it rtoiains 
ia. this ftate, it can give no Colour to glafs^ 
but the addition of arfenic dephlogiflicatn 
this portion of cobalti and thus enables it tx> 
unite to, and tinge glafa* and this is fo trub, 
that the addition of nitre, which dephlog^if- 
ticates ftill more powerfully than arfenic, 
produces the fom^ effed, as Mr. Bergman has 
ihewn in his elaborate differtation on Nickel, 
2 Nov. ASi^ Ups. p. 243, ,fo that arfaiic is 
no way neceflkry ; and moreover it is abfo* 
lutely felfe, that the addition of iron Jmfl 
arfenic will evfer give nickel the propertteb 
of cobalt, as Mr. Monmt himfelf mtift wdi 
kntow. However, the reafons he alledges to 
^rove the identity of thele femi-mdtals are, 

6. i*** That cobalt and nickel are foluble 
in the fanie acids^ and a(9:ed on by thefe afcids 
in the fame manner, all the difference being 
that the folutions of cobalt are red, and thofe 
of nickel green; a difference affuredly Viry 
:great^ and which no addition of iron and ar&<» 
tiic to nickel will alter, as it iiiould siifcarding 
to his fyftem -, for let him combine iVon and 
arfenic with nickel as he pleafes, he will never 
tndkt a fubftance whofe fcdutioti in acids will 
%9 rfdf as t^t -df ««bak Ui ©ut furtlier, if 
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by acids he means the, mineral acids and the 
acetous, then he may as well fay that bif- 
snuth is the fame fubftahce as cobah and 
nickel, for it is aAed upon by thefe acids 
in nearly the fame manner, but if he means 
the long tribe of other acids, the aflertion h 
not true, fmce the tartarous acid for inftance 
does not a£t on niql^el, whereas it does oi; 
cobalt* 

7. a^y* Becaufe though the ores of Nickel 
become green by calcination, and thofe of 
cobalt, blucy yet if the calcination of the nickel 
be continued, its calx will become bronvtii 
but I do not fee how this change to a reddilh 
brown, approximates nickel to cobalt, any 
more than the green colour does, for it is 
equally different from the blue or chocolate 
colour of cobalt, and it appears from Mr^ 
BergmarCs experiments, that the green colour 
arifes from a mixture of arfenic, for when 
nickel is thoroughly free from it, its calces 
are brown. 

8. 3^^* Becaufe nickel long expofed to the 
air, contains a green ruft, as does cobalt 
But this appearance would as well indicate 
copper; 

9* 4^^^y- Becaufe both nickel and cobalt 
unite with the fame metals, He probably 

for^t 
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forgot that cobalt and bifmuth will not unite, 
por will cobalt and filver, or cobalt and lead, 
whereas nickel will unite to any of them 
when well purified from cobalt, and with bif- 
inuth, even without fuch purification. 

ID. 5*^- Becaufe according to Cronfled 
himfelf, nickel will give a blue colour to 
borax. But Mr. Bergman has fhewn, that 
when it is well purified from cobalt, it will give 
a hyacinthine, and not a blue tinge to borax, 
Mr. Monnet adds, that cobalt, melted with 
quartz and alkali, gives 2igreeni/h brown glafs 
in fome circumftances, and quotes Brandt^ but 
Brandt fays the colour was reddijh brown, 
and in efFeft this colour fhould be expected 
from the fpecies of cobaltic ore he examined, 
which was loaded with iron, and from the 
manner in which the experiment was con- 
duced, the cobalt bein§ too much dephlo- 
gifticated, 

1 1. Laftly, he obferves that the cobalt is al- 
ways magnetic ; but it is to be obferved, that 
this magnetifm conftantly decrdafes in propor- 
tion as it is freed from iron, and yet the cobalt 
remains in full poffeflion of all its proper- 
ties, therefore its properties do not depend on 
the pjrefence of iron, and if it were perfeftly free 
from iron (a ftate of purity to which Mr. Monch 
fays he has reduced it- 3 CrelL p. 164) it would 
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not be in the leaf)! magnetic ; befides this aiv 
gument would fubvcrt Mr. Monncf% own opi- 
nion, for nickd is alio always magnetic. 

12. Mn Rome Je Li/Ie thinks that nickel 
confifts of iron, cobalt and copper intimately 
united :^ although Mr. Bergman has demon- 
ftrated that this opinion is deilitute of any 
proof, either fynthetic or analytic; for, in 
the firft place, he mixed thefe fubflances in 
various proportions, but could produce no- 
thing that refembled nickel ; and, in the 2d 
place, he ihewed that copper is very feldom 
mixed with it, and when it is, may eaiily 
be feparated, and cobalt alfo may be Sepa- 
rated though more difficultly. But Mr. 
Jiom^ looks on the blue colour which vdatil 
alkalis produce in the folutions of nidcel, as 
an evident fign of its ccmtainii^g cof^>er. 
To make this proof of any weighty we muft 
aflume this principle ; that two different me- 
tab cannot give the fame colour to the fame 
menjiruumy which is evidently falfi^ for gold 
and platina give the fame colour to aqua 
rcgia, to fay nothing of the various me- 
tals, whofe folutions in nitrous acid are 
colourlefs. The only confequence ftridly dc- 
ducible from the colour of a taenftruom is 
purely negative; namely, that it idaes mt 

* Chrj(ftilographic,pt9i, 
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Jlhgiy contain any fubjlancc^ which is known t$ 
communicate a different colour to that men-- 
Jiruum in the fame circumjiances ; for there id 
fcarce any one property of any fubftance that 
tnay not be communicable to fome other fub-** 
ftanc6, as it is only the aggregate of all their 
properties that fully diftinguiflies fubftanees 
from each other* 

1 5* . He further adds, that nickel cannot 
be looked upon as a diftind femi^metal, be- 
caufe it cannot be thoroughly purified from 
iron. What ftrefs fhould be laid on this ar-* 
gument, we (hall prefently confidcr in treat- 
ing of manganefe ; but in the mean time we 
may obferve that it is far from being clear 
that nickel can never be purified from iron } 
for the only ground of this fufpicion is, that 
the purefi: nickel is magnetic; but this mufl: 
be deemed infufficient, unlefs it be tal^en for 
granted that magnetifm is a property inhe- 
rent in iron only, and incommunicable to 
all other poffible metallic fubftanees, as we 
know it is to thofe thit are already known j 
a pofition which feems to me fully contm- 
dided in the cafe of nickel; fat when it is pu-* 
rifiedas much as poffible from iron, it becomes 
more inftead of lefs magnetic, aiid even ac- 
quires what iron does not, the properties of 
a magnet. What hinders us then from al- 
lowing magnetifm, like the property of giv- 
B b iqg 
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iag a blue colour to alkajis^ to be common 
to thofe different metallic fubdaaceB in which 
we find it ? 

Manganefe. 

According to Mr. Romd this femi^metal is 
a mixture of iroOf zinc and cobalt : that it 
contains iron is not denied ; but it is afierted» 
that befides iron it contains a peculiar femi- 
metal, whofe properties are independent of 
the prefencc of iron, fince, they are abfo- 
lutely different from thofe of iron, and every 
alloy of iron with any other known metallic 
fubftance, and are fo much the more appa- 
rent, as the portion of iron it contains is 
diminifhed. Neverthelefs, Mr. Rome objeds 
that the regulns of manganefe can never be 
totally freed from iron, and that all the ex- 
periments hitherto made upon it being made 
on a mixed femi- metal, the properties dif- 
covered by thefe experiments fhould be 
deemed thofe of a mixed, and not thde q£ a 
fimple fubftance. But the fallacy of this 
reafoning will readily appear, if it be confi- 
dered that, though until lately, pllatina could 
not be obtained perfedly free from iron j yet 
the moft judicious chymifts in Europe, Lewisf 
Margranf^ Scheffer^ Macquer and Baumi^ were 
of opinion that it was a peculiar diftinft me- 
tallic fubftance ; and at this day regulus of 
antimony and tin arc never abfolutely free 

from 
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from' iron, yet' no one di^iatms 6f attrib\itifig 
their peculiar properties to aii altoy of jitbhy 
and any other metal; aiid irideecf if tliis 
manner of reafoning vtrere of any ^^dight^ 
no properties could be attribtitled to jtny fim'ple' 
fdbftance ; for what fubftahce can be proca'redf^ 
abfolutely pure ? When Wa^ Watef rigoroufly 
pure ever found or procured, or gold of 2f4 
carats?^ Unlefs therefore we can produce by 
art a compound fimilar to tftat which we pre-* 
funle to be a mixture, or fhew fome good 
reafon v<rhy fuch a compound cannot be arti- 
ficially produced, or unlefs we can decern- 
pofe fueh fubftance, and thereby deftroy its 
peculiar properties, or at'feaft alter them by 
the fubftrafltioh of any one of its fuppofed 
conftituent parts, we triufi look upon the 
fuppofition that fuch fubftance is eflentially a 
compound^ as groundlefs relatively to the pre- 
fent ilate of our knowledge, on which alone, 
and not on mere poflibilities, we can ra- 
tionally found any aifertion. The word mo^ 
dijication has been ftrangely abufed on this 
Occafion. Cobalti nickel . and manganefe, 
have been faid to be only modifications of 
iron ; but as long as it is not known wherein 
that modification confifts, this word prefents 
no idea whatfoever; and any other infignifi- 
cant word may as well be ufed. If it be faid 
that if denotes irow ivith the addition of fome 
ur^known fubftance^ then it would follow at 
B b 2, - leaft, 
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Icaft, that by diminiihing the proportion of 
iron^ the fpecific properties of the compound 
would be altered, which is not true with re- 
fyeGt to thefe femi-metals, for the freer they 
are from iron, the more perfcAly they ma* 
nifeft their peculiar properties; fo that in 
every fenfe this aflertion is either falfe or un- 
intelligible. 

With refpefl: to zinc and cobalt, there is 
not the leaft foundation for fufpefting, much 
lefs aflSrming, their exiftence in regulus of 
manganefe, as they are never found even in 
the ore of manganefe, except fortuitoufly; 
but, on the contrary, this ore is moft fre- 
quently found without a particle of either ; 
nor does the regulus fhew any property that 
approximates it more to them than to other 
metallic fubftances, but, on the contrary, 
many that belong to no other, nor to any 
compound of any other metallic fubftances. 
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APPENDIX m. 

Geological Obfervations. 

Mountains^ 

PLEVATIONS, confifting chiefly of clay, 
-*^ fand or gravel, are called Hills, thofc 
that confift chiefly of ftone are by mine- 
ralogifts called Mountains. As they arc the 
chief repofitories of minerals, and particu- 
larly of metallic ores, I Ihall here relate the 
inoft interefting obfervations relative to them 
that have occm*red to me, or that have been 
made by others. 

Mountains may be confldered either with 
a view to their antiquity and origin, their 
height, or their ftrufture. 

Of the Antiquity and Origin of Mountains. 

In this point of view mountains are di- 
vided into prinKB'vaU that is, of equal date 
with the formation of the globe, and fecon- 
dary, or alluvial \ fome add even tertiary ^ 
but this diftindlion I think fuperfluous. 

Among the primaeval, thofe that confift of 

gfanite hold the firft place. The higheft 

mountains, and moft extenfive ridges in every^ 

B b 3 part 
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part of the globe, are granitical. Thus the 
jilps and P^renfcs arp the loftieft in Europe^ 
and particularly fuch of them as confift of 
granite, the Jiltai/chan, Uralian and Cau^ 
cafus in Afta^ and the Jlndes in America. 
From them the greateft rivers derive their 
origin. The higheft of them never contain 
metallic ores, but fome of the lower contain 
veins of copper or tin, as thofe of Saxony^ 
Silcfta and Cornwall. The granitic ftones 
next the of e always abound in mica j petre- 
fa£lions are never found in them. 

Many of the granite mountains; of j^a 

• and America form large plat-forms at about 

half their height, from which feveral lofty 

fpires 4rife# No fuch plat-forms have been 

ojbferved in the'-^^*^ or Fyrenees. 

J' 

That the formation of thefe mountains 
preceded that of vegetables and animals is 
juftly inferred from their containing no or- 
ganic I'emains either in the form of petrifac- 
tion o^ impreflioq, from their bulk, exten- 
fiqa a^d coniiieftion, which feem too confi- 
derable to be afcribed to fubfequent cayfes* 
and from tl^ejr uie and neceffity for the pro- 
duftion of rivers, without which it is hard 
to f^ippofp that tb? world had exifted at any 
Period fine? the creation of animals. Moft 
j^^tur^mis ar? ^ pjef^nt agreed t;hat granites. 

were 
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were f<Drmed by cry^allization; This dpera-^ 
tion probably took place after the formation 
of the atmofphere, (which inthehiftoryof the 
creation is called the firmament) and thegra-* 
dual excavation of the bed of the ocean ; foon 
after whidi, it is faid, that by the pommaiid 
of God i(that is, by virtue of the laws of na- 
ture which he eftablifhed) the dry land a^ 
peared ; for by means of the evaporation of 
part of the waters into the atmofphere, an4 
the gradual retreat of the remainder, the va- 
rious Species of earths before diflblved or dif- 
fufed through this mighty mafe, were difpofed 
to coalefce, and among thefe x\xtJiRceous muft 
have been the firft, as they are the leaft fo- 
luble : but as they have an affinity to other 
earths with which they were mixed, fome of 
thefe mufl alfo have united with them in 
various proportions, and thus have formed 
in diflinft maflfes the felt fpar, fhoerl and 
mica, which compofe the granite. Calca- 
reous earth enters very fparingly into the 
composition of this f):ones but as it is found 
in fhoerl, which is frequently a component 
part of granite, it follows that it mufl be one 
of the primitive earths, and not entirely de- 
rived from marine exuvise as many ima- 
gine. Quartz can never be fuppofed to be a 
produd of fire, for in a very low heat it 
burfts, cracks, and lofes its tranfparency, and 
in the highefl we can produce, it is infufible ; 
B b 4 fo 
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fothat In every eflential point it is totally un*^ 
like to glafs to which fome have compared it. 
As granite contains earths of every genus, we 
may conclude that all the iimple earths are 
coeval with the creation. This obfervation 
dcfes not preclude further refearches into their, 
compofition ; for though water undoubtedly 
dates from the creation, yet fome late expe- 
riments fhew it to be a compound : their (im« 
plicity may be only relative to the prefenC 
Hate of Qur knowledge* 

Mountains^ which confifl; of lime-Jlone or 
marble of a granular or fcaly texture, and not 
difpofed in ftrata. Teem alfo to have preceded 
the creation of animals, for no organic traces 
are found in them. Alfo thofe that confift of 
ftones of the argillaceous genus, and of the 
6th compound fpccies of the filiccous genus, 
feem to be primaeval, as they contain no or- 
ganic remains :. thefe often confift of parallel 
ftrata of unequal thicfcnefs, and the lower are 
harder and lefs thick than the upper, whence 
th^ lovver feem to have been firft formed, and 
the upper latter. They are the principal feat 
of metallic fubilances, whofe ores run acrofs 
the ftrata in all direftions ; hence they are by 
the Germans called Gang gehurge^ and by the 
French Montagnes a f Ions. Co^l is never found 
fi^them. 
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It is little to be doubted, but that fubma^ 
fine volcanos preceded not only the creation 
of animals, butalfo the feparation of dry land 
from the waters, the Mofaic exprejQTion, Let 
there he Lights feems to me to denote the 
confequences of thofe laws of nature to which 
volcanos owe their origin. * The fpecific 
gravity of the globe exceeds 3 or 4 times 
that of water, and confequently its proportion 
of earth is greater than that of water j but 
at the creation the mafs of water as fpeci- 
fically lighter, lay for the mod part at the 
furface, until by the excavation of the bed 
of the ocean, and by evaporation, it made way 
for the appearance of dry land. Hence the 
interior regions of the globe, were never fo 
overwhelmed with water, but volcanos might 
be formed within them, as they are at this 
day under the fea. The flame of thefe fires 
being adapted to excite the fenfation of Ught« 
fufficiently authorifed Moft s to call it by that 
name, and the period during which it ex* 
ifted by that of Day^ in contradiftin£lion to the 
period of darknefs which preceded and fuc- 
ceeded it. Mr. Giratid de Soulavie has diftinftly 
proved the exiftence of thefe primaeval vol-^ 
canoSj in various parts of bis Natural Hiftory 
of the South of France. 

Alluvial mountains are evidently of pofte- 
rior formation, as they contain petrefadlions 



3 78 ElemeMi cf Mmrc^fgy. 

and other veftigcs of orgaak fubftanoes, they 

are always ftratified. 

The principal granitic ridges are flanked 
by argillaceous, as thefe are hy alluvial moun- 
tains. 

Of the height of Mountains. 

There is no circumftance relating to moun- 
tains, that excites the furprife, or interefts the 
curiofity of mankind to a greater degree than 
their height ; hence many methods have 
been devifed to determine it. The trigono-* 
metrical is the mod antient, and in many 
cafes exa(3:, but it is often imperfeft, and in 
fbme cafes impradicable ; the barometrical 
alfo remained for a long time imperfe£t, until 
the celebrated Mr, De Luc^ with indefatiga- 
ble induftry, and uncommon fagacity, brought 
it to a degree of accuracy, fcarce to be ex- 
peded. Some improvements have lately 
been made in it by Sir George Shuckburgbj 
and the calculation has been rendered ftill 
more fimple by Mr. Magellan. 

In this method the elevation of mountains 
is determined by the different heights of 2 
columns of mercury, one at the top and the 
other at the bottom of the mountain, the de-* 

gree 



Gedogical O^Jifvations. 279 

grec of heat of each being equal, or reduced 
to an equality, and the common temperature 
of the atmofphere being given. Two baro- 
meters are therefore ufed, and each has a 
thermometer aqnexed to it. The degree 
of heat to which both barometers are re- 
duced, is 55? of Fahrenheit, yet if either of 
the barometers be at 30 inches, and the ther- 
mometer attached to it at ^^^ no redudlion 
need be made in that barometer ; but if either 
barometer be at 30, and the thermometer at- 
tached to it below ^^^^ we muft add the expan- 
fion the mercury would have by the heat of ^^^^ 
or if it be above 55? we muft fubtra€t the excefs 
of expanfion it gains by that heat.* Now every 
degree of Fahrenheit produces an expanfion, of, 
00304 of the barometrical inch, when the baro- 
meter is at 30, therefore when the thermometer 
is at n degrees below qr above ^^^ we muft 
add in the former, or fubtraft in the latter cafe^ 
0,00304 n to, or from the barometrical height. 
But if the mercury in the barometers ftand 
above or below 30 inches, then let the cor- 
reftion be found as if the mercury we're at 
30, and let it be denoted by r, the corre6lion 
fought by X and the barometrical height h^ 

then -^— ^. The thermometers fhould go 
alike, or if not, the difference fliould be ob- 
ferved and fubtr^^ied* 

* The fradtiong to be added or fubtra6ted, are marked on 
» fisparatc fcale, called the fcale of corrcftion. 

The 
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The barometrical heights, of both barome- 
ters being thus correiled, the logarithm of the 
number of inches at which the mercury in the 
upper ftands, is to be fubftrafted from the lo- 
garithm of that of the lower ; the difference 
between the 4 firft decimal figures oa the left 
gives nearly the number of fathoms, as that of 
the two laft decimals does of the parts of a 
fathom between the upper and lower barome- 
ters, which being multiplied into 6, gives the 
number of feet and parts of a foot* 

I faid nearly 9 for this height is not exadJ:% 
except when the mean temperature of the 
atmofphere is 3i?j24 of Fahrenheit. 

The mean temperature of the atmofphere 
is the arithmetical mean between the degrees, 
marked by two detached thermometers, one 
above, and the other below, both being held 
for about ^n hour in the {hade. 

"When this medium is 3i?,24, the above 
method is juft, and requires no further cor- 
redion, but if the medium exceeds, or falls 
fhort of 3i?,24 that diflpereace muft be foundi 
fuppofe it=:^. 

The approximate height muft now be cor- 
reded by multiplying it in feet, into the 
fradion 0,00245, let the produd-/>, then 

p4 
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pd added to the approximate height,' if the 
mean temperature be above 3i?,24, or fub* 
ftradted from that height, if the mean tem- 
perature be below 31,24 gives the true height* 

The following example will make the cal- 
culation more intelligible, the inftruments on 
the top of the mountain are denoted by Af 
and thofe at the bottom by B. 

Observations. 

Barometer A - - 25,19 Inches. 
Its attached thermometer 46? 

Detached thermometer A 39,5 

Barometer B at the fame time 29,4 
Attached thermometer % - 50 
Detached ditto - - 45? 



Calculation* 

. Here the lower barometer ftands below 30 
inches, and its attached thermometer below 
55? namely at 50. then n — ^ and ,00304 x 5 
= ,01520 this would be the corredlion to be 
added if the barometer were at 30, but as it 
is at 29,4 then 
^ £r_ , 29,4x, 01520 ^ ,44688 ^^^ g_^ 

30 30 "^ 3^ ' 

which 
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which Is to be added to 29,4 ^l.^g r = 

291415 its corre£ted height - 

« 

Again the upper barometer is at 25,19 in- 
ches, and its attached thermometer at 46 then 
nx^^. and ^-,02736 and h c _ ^i$y\^y.o%^ifi 

s:i02297=:x and 25,19+02297 = 25,21297 
or in round numbers 25,213 as its correfted 
height. 

Now the logarithm of 29,415 is 1,468568, 
and the log. of 25,213 is 1,401624, whofe 

4685,68 
difference is - - - 4016,24 

669,44 

The difference of the 4 firft figures on the 
left, gives the number of fathoms, and is 
therefore feparated by a comma from the laft, 
which gives the decimal parts of a fathom, and 
669,44, X 6=14016,664 feet, this is the* ap- 
proximate height. 

The mean temperature is next to be found. 
The detached thermometer ^ was at 39,55 and 
the detached thermometer B at 45, now then 

39^5 
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39^5+45=84,5 and_M =142,25, which is 

2 

therefore the mean ttmperaturt of the atlnc^- 

pherc ; the difference between this and 31,24 

The fradion ,00243 ^^ ^^^ *^ ^^ muhi- 
plied into 4016,664, the produft is 9,7604 
which multiplied into d— 107,462, and as the 
mean temperature is above 31,24. pd is to 
be added to the approximate height then 
4016,66+107,46=14124,12 feet, the true 
correded height. 

Some of the mod remarkable mountains, 
whofe heights have been taken with tolerable 
accuracy are. 

In America, 

Englifh feet above the level of thcfca. 
Chimbora90 « - - 20575,8 or 3,89 miles. 
ElCora^on - - « 15783 
The town of Quito - - ^ 9242 

In Africa. 

Teneriffe - . • 11022 DeBorda 13 -^^z. 

Pico Ruivo in Madeira - - - 5 141 Phil tranf. ijb^m 

In 
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In Europe. 

Mont Blanc, higheft of the Alps 15671 Sir 6. Shtfckburgil 

FUUtr. 1777^ 
Vcfuviusin 1776 * • 3938 Sauflure* 
JEma . . * . 10954 
CanigoUy one of the Pyrenees 9114 
St. Bartelemi in pays de Foix 7565 
Mont d*Or in Auvergne - • 6696 
PuydeDome . . w 5221 
Hecla - - • • 5000 Von Troil. 

The height of the Afiatic mountains ha« 
never been accurately determined. Mr. Berg^ 
man remarks, that the fphericity of the earth 
j8 no more altered by the height of the higheft 
mountain, than that of a globe of 2 feet in 
diameter, would be by an elevation of the fizc 
of a grain of fand. 

The line of congelation in fummer, under 
the iEquator, is at the height of 15400 feet; 
at the entrance of the temperate zone, 13428 ; 
on Teneriffe-^ in latitude 28, at about loooj 
in Auvergne^ in latitude 45, at 6740 nearly; 
Avjth us, in latitude 52, it is probably at 5740. 
The greateft height hithefto afcended, is 
15783 feet ; in P/fr«, vegetation ceafes at the 
height of 14697 feet, and on the ^^j, at 
9585, Mr. Saiiffure found the air lefs pure 
at 3834 feet; Mr, Z^'^r^:^/ obferved, that on 

the 
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the Pk it tnidi (dne of the Pyrenees, lower 
than Conigou) felt <3& tartar remained dry 
for an hour and a half, though it immediately 
moiftened at the bottom of the mountain. 
The vapor of marine acid was alfo invifible 
on the fummit. The cledric and magnetic 
powers were as ftrong ^s on the plain. 8 Koz. 
403. . 

Of the Struiiurt ^ Mmntains^ 

Mountains confidered as to their ftrufture, 
are divided vsxto mtirci Jiratjfi^d^ and confu* 
M 

Intire mountains are fofmed of huge maf- 
fes of ftooe, without any regular fiflure, and 
moftly homogenous; they confift chiefly o£ 
granite, fometimes of gneifs, flxiftus, flagftone, 
fandftone, limeftone, gypfum, porphyry, 
Terpentine, or trapp. Some in Swcdfti arid 
Norivay confift of iron. 

Stratified mountains are thofe whofe ma^ 
is regularly divided by joints or fiflures; 
thefe ftrata are confidered in relation to the 
angle which their fiflures make with the ho- 
rizon and meridian, with refped to the former 
they are called horizontal, rifmg, or dipping. 
With regard to the Jatter, they are faid to 
run to this or that point fo many degrees i 
C c they 
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they are moil commonly parallel to eachother, 

and rife or fall with the mountain. 

The ftrata of which mountains confift, arc 
either homogeneous or heterogeneous* 

Homogenous ftratified mountains confift 
ehiefly of ftones of the argillaceous genus, 
as fhifti, hornftones, flagftones, or of, the fif- 
file compound fpecies of the filiceous genus, 
as gneifs, and metallic rock, or of both, the 
one behind the other. Sometimes of pri- 
maeval limeftone^ that is, limeftone of a gra- 
nular or fcaly texture, in which no animal 
veftigcs appear. This limeftone repofes on 
the argillaceous or filiceous ftrata; fomistimes 
the argillaceous are covered with maftes of 
granite, and fometimes with lava. 

Thefe mountains, as already obferved, are 
the chief feat of metallic ores, particularly 
thofe of gneifs, metallic rock, and hornftone. 
When they are covered with limeftone, the ^ 
ore is generally between the limeftone and 
the argillaceous ftones. Thefe ores run in 
veins and not in ftrata. The calcareous rarely 
contain any ore, when they do, it is either 
iron, copper, lead, or Mercury. Petrefac- 

tions 
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tions are fgund upon, but not in thefe moun-* 
tains. 

Heterogenous>or compound ftratified moun-* 
tains ^, confift of alternate ftrata of various 
fpecies of ftones^ earths or fands either of the 
calcarecHis or argillaceous genus, or both, of 
metallic ores, and fometimes lava, as toad* . 
ftone, &c. The lime-ftone is always of the 
laminar, and not of the granular or fcaly 
kind, and when it contains any ore, this i^ 
placed between its laminae ; it is very feldom 
that ftones of the filiceous genus form any 
ftratum in thefe mountains, except lavas i 
but the ftrata are frequently interrupted by 
filiceous maffes; fuch as jafper, porphyry, 
granite, &c. thefe may be called flops ^^ 
Coal, bitumen, petrifications and organic 
impreffions, are found iif thefe mountains ; 
alfo falts, calamine, gold in the fandy ftrata, 
iron in intire ftrata or neftways, copper in 
the ftrata, lead ore, fingly or mixed with 
copper, (it fometimes fhoots through the 
ftrata in fmall veins,) cobalt ore in the ftops, 
pyrites every where ; it fometimes confti- 
tutes whole ftrata ; the matrixes of thefe 
ores are chiefly of the calcareous or barytic 
genera, rarely quartz, and never riiica# 

* Flotzgehurge. ' f Klanchen^ kamme^ Ruclm Wech 

feU I am not acquainted with |he correfpondcnt Enghjh 
technical terms. 

C c 3 There 



/ 
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There are other mountains analogous ta 
thefe, which yet cannot properly be called 
ftratified, as they confift only of three im- 
menfe mafles ; the loweft granite, the mid^ 
die of the argillaceous genus, and the upper- 
moft of lime-ftone. When they are metalli- 
ferous, as they generally are, the metallic 
ores are found in the argillaceous part, or 
between it and the calcareous; thefc ores 
&rm veins or bellies, and not ftrataj thcfe 
may be called triplicate mountains. 

Confufed mountains ; that is, of a confufed 
or promifcuous ftru£hire, confift of ftones of 
all forts heaped together without any order ; 
their interftices are filled with fand, clay and 
mica J they fcarce ever contain any ore. 

Of Volcanos. 

Volcanos, or burning mountains, are pe- 
culiar to no climate, and have been obferved 
in every quartet of the globe : they have no 
wceflary or regular conneftion with othar 
mountains, but they feem to have fome witK 
the fea, for they are generally placed in its 
loeighbourhood. It is true that antient ex- 
tinguiflied volcanos have lately been difco- 
vered in the inland parts of^moft countries* 
but this is one of the many proofs that the 
fea at fome remote period covered thcfe coun- 
tries. 
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tries. Sub-marine volcanos have often been 
ob{erved even in our own times. 

Thefe mountains are of all heights, fome 
fo low as 450 feet, as that in Tanna *, btit 
!they generally form lofty fpires, internally 
ihaped like aninverted cone placed on abroader 
h?ifis. This cone is called the crater of the 
volcano, as through it the lava generally 
paffes, though fometimes it burfts from the 
fides, and even from the bottom of the moun- 
tain ; fometimes the crater falls in and is ef- 
faced; fometimes in extinguifhed volcanos it 
is filled with water, and forms thofe lakjes 
that are obferved on the fummit of fome 
siountains^ 

Both the crater and bafis of many volcanic 
mountains confift of lava either intire or dc- 
compofed, nearly as low as the level of the 
fea, but they finally reft either upon granite, 
as the volcanos of Perut or on fhiftus, as the 
extinguifhed volcanos of Heffe and Bobemiay 
ox on lime-ftone, as thofe of Silejta^ the Z^- 
centtne Alps^ and Vefuvius. The decompofed 
and undecompofed lavas form irregular ftr^ta 
jthat are oever parallel to each other. No ore 
is fovmd in thefe mountains, except iron, of 
?vhich lava contains from 20 to 2^ per cent. 

"^ FoJUr^ 143. 

C c 3 and 
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and fome detached fragments of coppeff 
antimonial and arfenical ores. 

If we confider the immenfe quantity of 
matter thrown up ^t di^erent periods by vol- 
canic mountains, without leflening their ap- 
parent bulk *, we muft conclude the feat of 
thefp fires to be feveral miles, perhaps hun- 
dreds of miles, below the level of the fea ; 
^nd as iron makes from y to J of all thefe 
cjeftions, we may infer that the interior parts 
of the earth confift chiefly of this metal, its 
ores, or ftones that contain it, whofc greater 
or lefler dephlogiftic^tion in different parts 
ypay be the cayfc of the variation of mag- 
netic diredion. 

The origin of thefe fires is not eafily aCf 
counted for* It is well known that mar- 
tial pyrites, being moiftened, will acquire 
heati but that this heat (hould burft into 
aftual flame, the concourfe of open air is ab- 
folutely requifite ; however, if we fuppofe 
the heated pyrites to have been in contadt 
with black wad and petrol, we may fuppofe 
the flame to arife, as we fee it produced by 
art from the deficcation of that fubftance^ and 
its mixture with the mineral oil. That 
ore when heated affords dephlogifticated air, 

♦ Mr. Gerhard computes that Vefuvlus has cje6tc4 froin 
the year 79 lo the year J783, 309658161 cubic feet, '% Mi^ 
nerifi^Ge/lb.^.Sj. ' ^ ^ ^ 
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6£ which a very fmall quantity is fufficient to 
produce flame: this flame once produced, may 
be fupported by dephlogifticated air from 
other ores, which Dr. Priefily has fliewn to 
afl'ord it, and the phlogifl:on may be fupplied 
by pyrites, bituminous fliiflus, bitumen and 
coal; marl, fhiftus, horn-flione, fhoerl, with 
a further addition of iron from the pyrites, 
are the true fources of the melted matter or 
lava. The explofion and eruption of this 
melted matter proceeds, in all probability, 
from the accefs of a large quantity of water, 
which either enters through fome crack in 
the bottom of the fea, or from fources in the 
earth ; if the mafs of water fo admitted be 
fufiiciently great, it will extinguifli the fub- 
terraneous fire ; if not, it will fuddenly be 
converted into vapour, whofe elaftic force is 
known to be feveral thoufand times greater 
than that of gunpowder ; if the fuperincum- 
bent weight be too great, it may caufe earth- 
quakes, but vvill propel the melted matter lat- 
terally towards the mouth of the volcano, 
where, meeting vvith leafl: refinance, it will 
expel it, together with all the unmelted 
ftony mafles it meets in its paflage. It is 
eafy to conceiye that before the denfe melted 
matter is ejected, the dilated air of the vol- 
cano will hrftbe forced out, and carry with 
it the afhes and loofer ftones adhering to the 
fides and crater of the volcano, as has beeti 
C c 4 obferved, 



3^J Elements of Mineralogy. 

obfervcd, and elegantly defcribcd by our mo-- 
dcrn Pliny Sir Wuliam Hamilton. 

The fiibftaQc^s ejt£le4 by volcanos are, 
phlogifticatedf fixed, and inflammable air, 
watery, afheis, pumicdlones, ftones that have 
undergoiike qo fufion^ and laya^ 

The water proceeds partly from that con- 
tained in the volcano, partly from the con- 
denfed vapors, and partly perhaps from the 
intimate union of the phlogifton and dephlo- 
gifticated air ; an union which fomc late ex- 
periments {hew to be produ(ftive of water \t\ 
Cfsrtain circuniftances. Part of the afhes is 
plentifully moiftened with this water, and 
forms tt^a traafs^ &c. 

Stones of all forts and fizes, even of lo 
feet in diameter, are projeded by volcanos, 
and fopEietimes to great diftances : hence 
probably thpfe folitary maffes of granite, 
which* are fometimes met with in lime-ftone 
countries. 

Lavas, in their paflage through the vol- 
cano arid its caverns, and during their flow- 
ing, neceflarily involve various Torts of ftone, 
which are not therefore products of fire, 
thbugh found in lava j fuch as quartz, fparj^ 
ihoerl, &c, and thus various porphyries and 
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pudding-ilone^* are founds which have lav2^ 
for their ground. 

Bafaltesy and in many inftances fkoerl, fben^ 
to me to owe their origin both to fire and 
water : they feem to have been at firft a lava, 
but this lava, while in a liquid ftat^ being rm* 
merfed in water, was fo difFufed or diflblved 
in it with the affiftancc of heat, as to cryftar- 
lize when cold, or coalesce into regular for mSn 
That bafaltes is not the refult of mere fufion 
appears by a comparifon of its form with its 
testure ; its form, it being cryftalized^ ihould 
be the effect of a thin fuiion, but in tbatcale 
its tes;ture fliould be glafly ; whereas it \% 
merely earthy and devoid of cavities* Hence 
we may underftand how it comes to pafs that 
lava perfedly vitrified, and even water, are 
fometimes found inclofed in bafaltes. Mon, 
Mineral. 51 1. Von Troily 285. 

The immenfe maffes of lava ejeded by 
volcanos, prefenting but a relatively fmall 
furface to the atmolphere, are many years in 
cooling, and many hundreds of years are re- 
quired for their decompofition ; this decom- 
pofition is quicker or flower as they have been 
more or lefs perfeftly melted. According to 
the obfervations of Sir William Hamilton^ the 
lava of Vefuvius forms one or two feet of 
mould in ipoo years; this bed of mould 

being 
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being afterwards covered with frefh lava, and 
this, after mouldering by that of ftill latter 
eruptions, affords fome ground for calculating 
the age of the volcano at leaft within certain 
limits. 

The beds of lava are deepeft and narrowed 
in the proximity of the crater, and broader 
and fhallower as theyare more diftant, unlefs 
ibme valley intervenes ; pumiceftone and 
aflies lie ftill more diftant. From thefe obfer- 
vations extinguifhed volcanos are traced. 
Many excellent inveftigations of this fort 
may be feen in Mr. Sau/avie^s hiftory of the 
fouth of France. 

Bafaltic mountains (common in Sweden) 
feem to owe their origin to I'ub-marine vol- 
canos. 

Petnfcations. 

The moft remarkable obfervations relative 
to petrifadtions are, 

i^'- That thofe of fhells are found on or 
near the furface of the earth ; thofe of fifh 
deeper, and thofe of wood deepeft. Shells 
in Jpecie are found in immenfe quantities at 
confiderable depths. 

2^^y- That thofe organic fubftances that re- 

fift 
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lift putrefaction moft are frequently found 
petrified ; fuch as ihells and the harder fpe- 
cies bf woods : on the contrary, thofe that 
are apteft to putrefy are rarely found petrified, 
as fifh, and the fofter parts of animals, &c. 

^diy. i[\^^i xhsj are moft commonly found 
in ftrata of marl, chalk, lime-ftone or clay, 
feldom in land-ftone, ftill more rarely in 
gypfum, but never in ^neifs, granite, ba^^ 
faltes Or fhoerl; but they ibmetimes occur 
among pyrites, and ores of iron, copper and 
filver, and almoft always eonfift of that fpc- 
cies of earth, ftone, or other mineral that 
furrounds them^ fometimes of filex, agate, 
or carnelian. 

^thiy. rj^j^^j ^Yitj are found in climates where 
their originals could not have exifted. 

^thiy. "YhdX thofe found in flate or clay arc 
^ompreffed and flattened. 

Of Metallic Ores. 

Iron ore is the only one that forma intire 
mountains , all other ores form but an in- 
confiderable part of the mountain in which 
they are found • 

Ores either run parallel to the ftony ftrata, 

or 
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Qt run acrofs them in all dire^ons ; thefe 
iaft are cailed vtms. 

The courib of veins, with relation to the 
meridian^ is called their direiiion^ and with 
relation to the horizon is called their inclina^ 
tion^ 

Their dlrcdion, in the language of mf- 
mersy is denoted by hours i the horizontal 
circle being divided into twice il hours» 12 
•from fouth to north, and 1 2 from north to 
fouth : eaft and weft diref^ons are therefore 
denoted by 6 o'clock* 

Inconfiderable veins that diverge from the 
principal are C9l\cdjlips ; confiderable maflcs 
of ore that have no great length are called 
6el/ies or Jlock-tVQrh 5 fo are alfo accumulated 
veins or thick bodies of ore formed by the 
jundion of feveral veins* 

The ftones which fill the cavities that form 
the veins are called the matrix (gang) of the 
ore ; the roclfs that lie over the veins are 
called the roof; thofe that lie under them the 
Jloorj and by fome the hading' ; the m«rix is 
almoft always a finer fpecies of ftone than 
the furrounding rocks, though of the fame 
genus ; even the rocks themfelves ^re finer 
grained as they approach the veiOt 

Ther^ 
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There is no matrix peculiarly appropriated 
to any metal; it has only been remarked, 
that tin is generally found among ftones of 
the filiceous genus, and lead very frequently 
among thofe of the calcareous. 

There is 00 certain fign from which the 
cxiftence of an ore in any moiantain may be 
inferred, except the veftiges of it in the beds 
of torrents or mineral waters, and the ftruc- 
ture of the mountain itfelf, of which enough 
has been already faid* 

Of Hot Springs. 

Mr* TiJJington has remarked, that waters 
flowing through a blue marl filled with no- 
dules of pyrites are warm ; Mr. Guettard 
has alfo obferved, that all the hot mineral 
fprings of Friince flow from fliiflus : hence 
there is no occafion to derive their heat from 
any fubterraneous volcano. 
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T A B L E I. 

The ^antity of Metal m a Reguline State af^ 
forded by lOO Grains of dtferent Metallic 
Calces^ and to ivhich confequently they are 
refpeSitvely equivalent. 

loo Grains ----- Grains. 
Brown calx of iron aflFord of 

regulus - - - from 79 to 89 grs. 
Red ditto - - - from 71,4 to 78 
Brown calx of copper from 84 to 86,5 
Minium ----- 89 
Calx of tin - - - - 96 
Precipitate per fe - - 9^ '^ 
yiowers of zinc - - 85,5 
Calx of bifmuth - - 98 
Grey calx of antimony 96 

White calx of manganefe 54 

Hence the quantity of calx, which loo 
parts of any of thefe metals would afford, is 
cafily found; thus loogr. of lead would af- 
ford 113 of minium for -7 89. 100 : : 100 

113- 
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Of the Proportion t>f IngrtdienU in Earths and Stonn^ 



Calcareous Genus* 



loo Parts. 

Calcareous Spar 
Gypfum 

Fluor - - - , 
Tungflcn - - 
Compound Spar 
Cructzenwald Stone 
Calcareous Made 
. Margodes - • • 
Stellated Spar - 
Calcareous Grit or 1 
Sand Stone J 
Swine Stone - 
Pyritaceous Limeft 
Martial Tungflen 



Calcar. 


Argill. 


dilcx. iMagn 


Wat, 


Iron. 
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a And 34 Fixed Air* h And 30 Vitriolic Acid. c 43 Acid anci 
Water. d 50 Acid and Iron^ e Both Earths mild, /Ditto. 

g And Water. h Or more. Remainder, Silexy Argill; and Iron* 
i And Petrol, remainder, Argill and Iron. k And 7 Quartz a^d Sulphurji 
that is, 25 Pyrites. / By the dry way only 30, and 50 Tungflen. 



xoo Parts* 

Mild Barytes 
Barofelenite 
Hepatic Stone 



Batytic Genus* 

78 Earth, 20 Fixed Air, 2 Barofelenite. 
84 Earth, 13 Vitriolic Acid, and 3 Water. 
33 Barofelenite, 33 Silex, 22 AUum, 7 Gyp^ 
funii j Petrol* 
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Muriatic Genus. 

ftlcx.|Calc. Magnefia.lAi^|Water. It)n. 



lOoParrt. 

Mild magnefia • - 
KcffcW . - - - 

Steatites - - - 
Argillaceous fteatices 
Chalk dfBriaD^on - 
Soap Rbck - - - 
Aibeftos . - - 
Martial abeftos - - 
Suber montanum 
Amianthus - - - 
Serpentine 
Ta,lc Murcovjr - - 
Talc Venetian - - 
of magnefia. 
Kote^ The raagneii^ 
ftate in all the above jfbnes. 

* At a medium and 30 Hxedair. f And \ of t!alc. 
H At a mediiMB. f And 6 baiytes. 
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50 
»7 
17 
17 
?7 
20 

^3.7 
iS.fe 

45 



2 
II 
II 

13 

4 
?»7 
^»4 

18 



22 



12 



10,6 
3 



a larger portionVf a'rgill and fmaller 
and calcareouis earths are in a mitd 



\ At'aiiiie^lain. 



Argillaceous Genus, 



Sllex. 

, , . - 63 

ArgTriaccous marl dry 46 



Pure clay dry 



Fuller's earth 
PoUzzola'na 
Tripoli - ■ 
Pure mica - 
Martial mica 



- 53 
- 57 

- 90 

- 38 
34»5 



Roof ilate or (hiflus 46 
Flagft. or argill. fliift. 36 



Horn-ftoire 
-Killas . . 
Toadftonc - - 
Zeolyte 

Pitch -flone - - 
Gronftea - - 
ftohe atid (hdr!. 
Steliftea 
Binda 

and pyrites. 
Grnwan 



37 
60 
63 
69 
65 



Argill 

3.7* 

20 ' 


Calcareous 

I ■ 


56 

i» ■ 

14 

■20 : 
16 


4 mild 


2 


7 
8 



Magnefia, 



io 
18 

8 mild 



16 
9 



Ildrn-fidn^ 



Iron. 



26 

14 
22 

14 
4 

6 
^i1& 



I2§ 

iitiil inica, t)r horn- 



Water. 



i7t 



J^a, quartz and atgilU 
Horn-ftohe, mica, lliorl, quartz, 

Argill, mica and quartz. 



* ^t a medium ween pcifeAly dry, 63 tiliccoos. "I- Mild at a mediunu 

X And marine acid at a medium. y White calx of iron. 

§ Ai a modium* f And ftir* 
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too Partt 



SUkem^ Genus. 



Silez. 


A^gUI 


Cjticar. 


-Magm 


Irofk 


9$ 


6 


'-1 ' 


u. 


mtSk 


.80 


18 


i 


ib— 


mJb 


1» 


32 


6^ 


»-. 


^A 


li 


io 


— 


•^ 


J 


16 


— 


-^ 




39 


40 


mild 9 


-r 


10 


39 


46 


ditto 8 


— 


$ 


*5 


tl 


dit. 10 


.^ 


»5 


24 


8 


— 


6 


31 


S8 


S 


1-^ ' 


2 


91 


•*- 


i»7 


J»« 


0.4 f 


. *— . 


•J— 


pi^-; 


-»db* 


AMU'P 


6r 


H 


.^ 


8 


.— e 


s| 


39 


6 


;— . 


— 


♦I 


30 


12 


— 


to 


t 


2ht 


10 


1.. 


19 


40 


5 


I 


^ 


ot 


.?. 


«f« 


I 


-i' 


37 


45 


'8 




5' 


5* 


»S 


1 


^S 


47>S 


B*»{ 


>—- 


•WiiA 


ao 


47 


30 


i 


— 


18 


49 


3S 


' 4 


t- 


12 


69 


32 


■*" 


"• 


9 


84 or 90 


j_ 


"» 




SO 


i^ 




70 


5 


mild 2 5 


_ — * 


70 


S 


dit. 20 


— 


S' 


6^,5 


#— 


d?57,!l 


' — 


-- 


77 


•a© 


— 


— ' 


>* 


80 


1 


•- 


- 


»S^ 



Cryftal - i 
t'lint 

Petrofilex - - 
Jafper - 
Chalcedoiliari * * 
Riibj 
Topaz 

Hyacinth - i i 
Emerald * • j 
8apphtit - 
Chryfoprafium - * 
Lapis lazuli - - • 
Fdtfpar ' - .• ' 
VefuVian garnet - 
Garnet 

Martial Gatnet - 
Shoerl tranipartiK - 
'Shoerl Black -, - - 
Bar ihoerl - ^ 
Tourmaline • - 
Bafaltes 

Rowley ragg • - 
Comp. and cellular lava 
Vitreous ditto - • • 
Another from Lipari 
Black agate of Iceland 1 
nearly as the above / 
Pumice ftone - * 
Martial mioriatic ^at ^ 
Turkey flone - - 
Ragg ftone - - - 
Siliceous grit vi^ith cal- 
^ careous cemfcnt - 
Siliceous ditto with ar- 
gillaceous cement - 
Ditto with ferruginous 
cement . - - - 



a 0,6 copper, and fparry acid. h 80 martial fluor^ 7,6 gypfum, as I 

believe. c 1 1 Ponderouc. _ ^ 5 waler, « At a mddiaiiu 

/ Remainder calcareout. ; As I believe. J^ MlkzYittc, 

i As I believe. ^ i As I believe. ^ As I belierc. 



4o6 TABLE III. continued. 

r Quartz, felt fpar and mica. 
\ Qjjartz, felt fpar and ihoerl. 



Granite • - • 

Stellften •* 
Granitello 
Rapakivi - 
Granitone 
Muckftcn , • 
Norka 

Porphyry - - 

Pudding ftonc 
Siliceous breccias 



Gncifs 

Amygdaloides - - 

Metallic rock of Born 
Variolite 



Qtiartz and mica. 
Felt fpar and mica. 

Qiiartz, garnet and mice. 

Jafpcr, chert, lava, ihoerl containin«j» 

quartz, felt fpar, (hocrl, mica, or 

I ^rpentine in a cryftaline form. 

' Jafper, chert, filiccous grit, or lava, 

containing pebbles of an oval form 

The fame ground and contents, but 

in angular forms. - 
Quartz, mica, fteatites. 
J Quartz, mica, ferpentine. 
i Qsartz, mica, fhoerl, fteatites, or 
J foap rock. 

' (^Quartz, felt fpar, mica, ferpentine. 
' Jafper, or chert, containing fpar or 
ferpentine. 
Qpartz, clay and fteatites, and felt 

fpar ibmetimes. 
Serpentine, containrag various fton'es. 



Proportion of Ingredients in Natural SMs. 



Tartar vitriolate 

Glauber's fait - 

Vitriolic ammon. 

Epfom 

Alum 

Vitriol of iron 

Ditto of copper 

Ditto of zinc 

Nitre 

Cubic nitre - 

Nitrqus ammon« 

Nitrous felenite 

Ditto Epfom - 

Salt of Silvius - 

Common fait - 

SaU ammoniac 

Marine felenite 

Borax purified • 



Acids 


Alka. 


Earth 


Water 


3* 


63 


— 


6 


14 


Z2 


— 


64 


42 


40 


— 


18 


24 


— 


19 


S7 


34 





18 


58 


20 


— 


— 


5S 


30 


' 


«» 


43 


32 


— . 


,— 


S8 


30 


63^ 


— 


7 


*9 


SO 


— 


21 


46 


40 


— 


14 


33 


•— 


32 * 


3S 


36 


.^ 


^7. 


37 


30 


63 




7 


33 


?o 


•^- 


17 


S» 


40 


— 


8 


42 




38 


20 


34 


17 


— 


47 



25 iron. 
27 copper, 
20 zinc. 
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Inflammable. 

Hepatic air — loo cubic inches of it united to 

water may contain 8 of fulphur. 
Sulphur — 60 acid and 40 of phlogifton. 

Proportion of Ingredients in Metallic Ores. 

ioo Parts. Gold. 

Ore of Adelfors or Norway — 99,59 martial 

pyrites 0,41 gold. 
of Saljhurg in Tyrole — —"oV arfenical 

pyrites, and, 052 of gold. 
.— — of Nagaya — 99 pyrites, galena and 

filver, 0,83 of g<^d. 
Gpld hvidioi Africa — 0,22 at mod. 



100 Parts. Silver. 

Vitreous ore — 25 fulphur, and 75 of filven 

Slightly arfenicated at ^uadanal-canal — lo 
arfenic, and 90 of filver. 

fuperarfenicated at ditto— ditto from 4 

to 6 ozs. of filver per quintal. 

Red ore — 3 1 realgar, 8 fulphur, and 60 filver 
generally. 

Black ore folid— 40 fulphur> arfenic, and py- 
rites, and 60 filver. 

Black 



(4d8 1 

Black ore loole — 75 fulphur and pjnitti anci 

25 filver at moft. 
jSrfenico^martiai ore— froltl 90 to ^ iroh^ 

and arfeniCt ftnd from lo to i of filver. 
White ore— from 70 to 90 of fulphuratcd 

copper, arfenic^ and irOn, and from 10 to^ 

30 of filver. 
Grey ore — ^from 12 to 24 of copper, from I 

to 12 of filver, and the remainder fiil-» 

phur, arfenic, and a little iron. 
Brown ore — moftly copper, fialphur, arfenic^ 

a little regulus of antimony and iron, and 

from I to 5 percent, of filver. 
Plumofe ^^— pyrites, arfenic, antimony, and 

about I per cent, of filver. 
thbaltic ore — -fiilphur, arfenic, cobalt, iron^f 

and from 40 to 50 per cent, of filver. 
Vitriolic and marine /th;er----2Ayowt 70 of filver* 

100 Parts. Copper 4 

jR^^ calx of copper — 26 fixed air, t water, 

7^^ copper. 
Bronvnijh r^^—rpy rites, and from 20 to 50 of 

Malachite — 29 aerial acid and water, and 71 

x>f copper. 
Mountain green — 22 aerial acid, 6 water, and 

72 of copper. 
Mountain blue — 29 aerial acid, 2 water, and 
^ of copper* 

Vitreous 



( 4o^) 
Vitreotis copper ore— lo or 12 fulphur, and 90 

of cbpper. 
Azure oxt — 20 to 30 iron, from 40 to 60 of 

copper, the remainder fulphur. 
Yellow cc^per ore — ^pyrites^ fulphur^ and 

ftt)m 4 to 30 part J of copper* 
Grey copper ore— arfenic, pyrites, from 35 

to 60 copper, and a little filver. 
Blendofe copper ore — pyrites, pfcudo galenat 

from 18 to 30 copper. 
Shiflofe copper ore — fchiftus, fulphur, from 6 

to 10 of copper. 



100 Parts. Iron. 

Steel ore — ^from 60 to 80 iron. 

Black eifen rahfn — 74 plumbago, 126 iron. 

Sparry iron ore — 38 calcareous €arth, 24 man- 

ganefe, and 38 iron. 
Flos ferri — 65 calcareous earth, and $$ calx 

of iron. 
Magnetic /and of f7r^iwm— about 50 of iron. 
Haematites — from 40 to 80 of iron. 
Grey iron ore — fiderite, and from 40 to 66 

of iron. 
Highland argillaceous ore — ^from 30 to 66 of 

ifon. 
jyiViofwampy — fiderite, and 36 of iron. 
Siliceous ore — 25 to 30 of iron. 

109 
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ioo Parts. T^n. 

Black tin ore — 80 titi, fome Iroii. 
Red ditto — more of iron than of till. 
Sulphurated tin — 40 p?r f ent. fulphur, a little 
copper, the remainder tin* 



100 Parts. Lead. 

White lead ore— z, little iron, argill^or calca- 
reous earth, 80 to 90 of iftK .M -^- 

Red ditto — more iron, argill, 80 or 90 of 
lead. 

Green ditto — ftill more iron, feldom copper. 

Blui/h ditto-^a little copper. 

Vitriol of ditto — about 70 of lead. 

Galena — ^from 15 to 25 of fulphur, from 
0,01 to 1,5 or 2 of filver, from 60 to 85 
of lead, befides quartz and iron. 

Atitimonial lead ore — antimony, from 0,08 to 
0,16 filver, and from 40 to 50 of lead. 

Pyritous lead ore pyrites, 18 to 20 of 

lead. 

Red lead /par — realgar, a little filver, and 43 
of lead. 

IOO 



( 4" ) 

too Parts. Mercury. 

Native calx of mercury'^^g fixed air, and 91 

mercury. 
Vitriol and marine falts of ditto- — About 70 

mercury. 
Cinnabar — 20 Sulphur, and 80 mercury. 
J^yritous ore of mercury — Cobalt, arfqnic^ 

pyrites, \ of mercury. 



100 Parts. ZinQ. 

Vitreous Qr^^ ^incy Spar-^i^ Aerial acid, 6 

water, 1 iron, and 65 calx of zinc. 
Tutanego — ^Iron, argill, and frOm 60 to 90 of 

zinc. 
Calamine— \roTiy clay, rarely calcareous earth 

or lead, 39 to 84 calx of ditto, 
Zeolytic ore — Quartz, water, and about ^^ 

calx of zinc. 
Blende^ pfedogalena b/ue-^8 iron, 4 copper, 

26 fulphur, 4 water, 6 filex, and 52 zinc. 
Ditto black — i Arfenic, 9 iron, 6 lead, 29 

fulphur, 6 water, 4 filex, and 45 zinc. 
Ditto red— s Iron, 17 fulphur, 5 water, 5 

argill, 24 qvmz, and 44 ziqc. 
pitto^ phojphoric^—^ Iron, 20 fulphur, 4 

fparry acid, 6 water, i filex, and 64 zinc. 
£>//^(?^r^/~Galena, petrol, fulphur, 24 zinc. 

100 



( 4ia ) 

lOQ Parts Regulus of Antimony. 

Antimony^^iS Sulphur, and 74 regulus. 
Arfemcated ditto-^Thc fame as the plumolc 
filver ore. 



100 Parts Regulus qfjr/enic. 

Orpiment^^io Sulphur, and 90 ^rfenic 
Rialgar-^iG Sulphur, and 84 arfenic. 



100 Parts. Manganefe. 

Sparry iron ^r^— 50 Calcareous earth, 22 iron, 
and 28 cake of manganefe. 



100 Parts. 
Molybdena — ^45 Acid, 55 fulphun 
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